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Abstract 

Determinants of sub-optimal glycaemic control among patients enrolled in a medicine 

dispensing programme in Kwazulu-Natal: A cohort study, 2018 – 2021. 

*Leigh C. Johnston1,2,4, Dr. Patrick Ngassa Piotie 3, Dr. Innocent Maposa2, Ms. Sandhya Singh4, 

Dr. Lazarus Kuonza1,2, Dr. Alex de Voux5 

1South African Field Epidemiology Training Program, National Institute for Communicable 

Disease a division of the National Health Laboratory Service, 1 Modderfontein Road, 

Sandringham, Johannesburg, 2192. 

2University of Witwatersrand, School of Public Health, 27 St Andrews Rd, Parktown, 

Johannesburg, 2193. 

3University of Pretoria Diabetes Research Centre, School of Health Systems and Public Health, 

31 Bophelo Rd, Prinshof 349-Jr, Pretoria, 0002 

4National Department of Health- Non-Communicable Disease Directorate, 1112 Voortrekker Rd, 

Pretoria Townlands 351-Jr, Pretoria, 0187 

5Division of Epidemiology and Biostatistics, School of Public Health, Faculty of Health 

Sciences, University of Cape Town, Cape Town, South Africa 

*Corresponding author: Leigh Johnston, leighj@nicd.ac.za 

Background: In South Africa, type 2 diabetes mellitus (T2DM) is a growing public health 

problem, thus, by 2030, 50% of T2DM patients, receiving treatment, must achieve optimal 

glycaemic control (haemoglobin A1c (HbA1c) ≤7%). The CCMDD (Central Chronic Medicines 

Dispensing and Distribution) programme allows glycaemically-stable patients to collect their 

medication from community-based pick-up points. While the CCMDD is a large public health 

programme, there is a paucity in stakeholder’s knowledge of T2DM patients glycaemic control 

over time. We determined glycaemic control for CCMDD-enrolled T2DM patients in eThekwini, 

South Africa from 2018-2021, as well as the rate and predictors of becoming sub-optimally 

controlled. 
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Methods: We performed a cohort study, linking HbA1c data from the National Health 

Laboratory Service to CCMDD-enrolled patients in eThekwini, South Africa from 2018–2021. 

We included patients optimally controlled at their baseline HbA1c, and having ≥1 repeat test 

available. We used Kaplan Meier analysis to assess survival rates and Cox regression to 

determine associations between time to sub-optimal control (HbA1c > 7%) and several factors. 

Adjusted hazard ratios (aHR), 95% confidence interval (95% CI), and p-values are reported. 

Results: Of 41145 T2DM patients enrolled in the CCMDD, 7960 (19%) had an available HbA1c 

result over the study period. A quarter of patients (2147/7960; 27%) were optimally controlled at 

their baseline HbA1c. Of those controlled at baseline, 695 (32%) patients had a repeat test 

available, with 35% (242/695) changing their status to sub-optimal control.  Patients prescribed 

dual-therapy had a higher risk of sub-optimal glycaemic control (aHR: 1.503; 95% CI: 1.16–1.95; 

p-value=0.002) compared to those on monotherapy. HbA1c testing frequency per national 

guidelines (aHR: 0.46; 95% CI: 0.24–0.91; p-value=0.024) was associated with a lower hazard of 

sub-optimal glycaemic control.   

Conclusions: HbA1c monitoring, in line with testing frequency guidelines, is needed to flag sub-

optimally controlled patients who become ineligible for CCMDD enrolment. Patients receiving 

dual-therapy may require special consideration. Addressing these shortfalls can assist planning 

and implementation to achieve 2030 targets.  

Keywords: Type 2 diabetes; glycaemic control; CCMDD programme; SEMDSA guidelines.
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Definitions 

Based on IDF definitions(1).  

Fasting plasma glucose (FPG): A measure of blood glucose concentration after fasting (no 

caloric intake for 8 hours).   

Glucose: The main sugar absorbed by the body for energy expenditure and stored for future use. 

It can only be used by cells with the action of insulin.  

Random plasma glucose (RPG): A measure of blood glucose concentration that can be taken at 

any time of day, regardless of the time since the last meal. 

Glycated haemoglobin A1c (HbA1c): Refers to glycation of proteins, which is a secondary 

event to high blood glucose and the haemoglobin that glucose binds to. It tests the average blood 

glucose over a two to three-month period.  

Low-density lipoprotein (LDL) cholesterol: LDL is one of two lipoproteins, together with 

high-density lipoproteins (HDL). LDL constitutes most of the body’s cholesterol. High levels of 

LDL cholesterol are associated with an increased risk of heart disease and stroke (2).  
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Nomenclature 

ARV antiretroviral 

BP blood pressure 

CAD coronary artery disease 

CDW Central Data Warehouse 

CHW community health workers 

CI confidence interval 

COVID-19:  coronavirus disease of 2019 

CVD:  cardiovascular disease 

DALY:  disability-adjusted life year 

FPG:  fasting plasma glucose 

GP:  Gauteng Province 

HbA1c:  haemoglobin A1c (glycosylated haemoglobin) 

HIV:  human immunodeficiency virus 

HPT:  hypertension 

IDF:  International Diabetes Federation 

IQR:  inter-quartile range 

KZN:  KwaZulu-Natal 

LDL:  low-density lipoprotein 

LMIC:  low to middle-income countries 

mg/dL:  milligrams per deciliter 

MI:  myocardial ischaemia 

mmol/L:  millimoles per liter 

MR:  mortality rate 

NCD:  non-communicable disease 
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NCR:  National Cancer Registry 

NDoH:  National Department of Health 

NHI:  National Health Insurance 

NHLS:  National Health Laboratory Service  

NSP:  National Strategic Plan 

OR:  odds ratio 

PH:  proportional hazards 

PHC:  primary health care 

PLWT2DM:  people living with type two diabetes mellitus 

PoC:  point of care 

PUP:  pick-up point 

SANHANES:  South African National Health and Nutrition Examination Survey 

SD:  standard deviation 

SDG:  sustainable development goal 

SEMDSA:  Society for Endocrinology, Metabolism, and Diabetes of South Africa   

SSA:  sub-Saharan Africa 

Stats SA:  Statistics South Africa 

STG and EML:  Standard Treatment Guidelines and Essential Medicines List 

T2DM:  type two diabetes mellitus 

TB:  tuberculosis 

UK:  United Kingdom 

UN:  United Nations 

USA:  United States of America 
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Preamble 

This dissertation is divided into chapters.  

Chapter One will introduce the study area of diabetes and will draw on existing studies to 

illustrate the disease burden and risk factors. The importance of monitoring glycaemic control 

targets, to reduce diabetes-related morbidity and mortality, will be discussed. Additionally, global 

and national efforts being taken to deal with the rising epidemic will be described. Despite 

existing policies, multiple studies will be reviewed that reveal that glycaemic control in South 

African type two diabetes mellitus (T2DM) patients remains largely sub-optimal.  

Chapter Two will be a manuscript in a submissible format, based on the formatting guidelines 

from the African Journal of Primary Health Care and Family Medicine. This chapter will focus 

on presenting the methods, results, and discussion for study objectives one and four.  

Chapter Three will contain extended methods pertaining to the above objectives, as well as 

objectives two and three.  

Chapter Four will contain extended results for objectives one and four, as well as presenting the 

results for objectives two and three. 

In Chapter Five the findings will be discussed and compared to previous literature. Conclusions 

will be drawn and recommendations will be made.   
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 CHAPTER 1 ─ INTRODUCTION AND LITERATURE REVIEW 

1.1 INTRODUCTION 

This chapter will introduce the area of Type two diabetes mellitus (T2DM) research. It will 

outline the epidemiological background and disease burden both globally, and in the South 

African context. Additionally, the background will describe risk factors related to T2DM. It 

further introduces recommendations for monitoring glycaemic control and talks to recommended 

targets for optimal glycaemic control to reduce diabetes-associated mortality and morbidity.  

Furthermore, it will include a literature review focusing on international and national policies and 

targets for improved glycaemic control. The Central Chronic Medicine Dispensing and 

Distribution (CCMDD) programme will be introduced. Previous South African studies that have 

investigated glycaemic control among T2DM patients will be discussed. The problem statement 

will highlight the gaps in the current literature; namely, the lack of cohort studies looking at 

glycaemic control status for CCMDD-enrolled T2DM patients, at enrolment and beyond. Finally, 

the chapter will describe the present studies’ justification, research question, the overall study 

aims, and the objectives.  

1.2 BACKGROUND 

Diabetes is a metabolic condition of a chronic nature, characterized by raised blood glucose 

levels, and is caused by the body not producing sufficient insulin (i.e. insulin deficiency) and/or 

being unable to efficiently utilize the insulin it produces (i.e. insulin insensitivity or resistance) 

(1–4). Type one diabetes is genetic in nature and typically presents at younger ages whereas 

T2DM is largely related to lifestyle factors, and while historically linked to older age, it is now 

also occurring more frequently in younger age groups (1,4,5). T2DM makes up 90% of the 

reported cases of diabetes (1). 

1.2.1 The burden of T2DM:  

A global perspective 

Global estimates for diabetes prevalence are on the rise. In 1980, 153 million people were living 

with diabetes, which ballooned to 347 million in 2008 (6). The most recent 2021 estimates from 

the International Diabetes Federation (IDF) placed the burden of people living with diabetes at 

537 million, representing 10.5% of the global population. The IDF further predicts numbers to 
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reach 643 million and 783 million by 2030 and 2045, respectively (1). Worldwide, in 2021, over 

6.7 million deaths among adults, aged 20–79 years, were attributed to diabetes or to diabetes-

related complications (1), equating to 12.2% of total deaths in this age group (1). Thus, exceeding 

deaths related to human immunodeficiency virus (HIV)/ Acquired immunodeficiency syndrome 

(AIDS), tuberculosis (TB), and malaria combined in 2015 (4). Diabetes was estimated to directly 

cost 966 billion USD in 2021; a 316% increase since the estimate of 232 billion USD, 15 years 

previously (1). Additionally, there is an indirect economic burden associated with diabetes. As 

75% of those with diabetes are of working age and experience increased absenteeism and loss of 

productivity (1,5).  

A South African perspective 

Low- to middle-income countries (LMIC) make up 80% of diabetes cases (1). Africa is predicted 

to bear the greatest brunt with a projected 134% increase in diabetes prevalence from 2021 to 

2045 (1). Of the Sub-Saharan Africa (SSA) countries, South Africa has reported the highest 

prevalence of diabetes (4), estimated at 11.4% by the IDF in 2021(1). Thus equating to 4.2 

million people living with diabetes (1). In 2018, Statistics South Africa (Stats SA), listed diabetes 

as the second leading underlying natural cause of mortality overall (fourth for males and first for 

females) (7).  

1.2.2 Risk factors for T2DM 

Globally, commonly cited risk factors for T2DM are modifiable lifestyle factors such as the use 

of tobacco, poor diet, obesity, and a lack of physical activity (1,8). Additionally, non-modifiable 

factors such as age, gender, family history, and life course events drive T2DM (9).  

In the South African context, there are also complex and less easily modifiable risk factors at play 

(4,8,9). These include social and commercial determinants of health, such as low socioeconomic 

status and poverty, as well as rapid urbanization, with the associated changes to a Westernised 

diet and sedentary lifestyles (8,10). T2DM is more prevalent in women than men at 16.8% and 

12.4%, respectively (11). This disparity by sex is thought to be linked to the predisposition of 

obesity in South African females (8).  Differences by ethnicity have been documented with 

prevalence among the Black African, Coloured, and Indian populations at 11.3%, 23.7%, and 

33.6% respectively (11,12).  
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Furthermore, in South Africa, the complex setting of a quadruple disease burden with prevalent 

HIV and TB, adds an additional layer of complexity as T2DM interacts with these diseases. 

T2DM has been linked to a two to three-times increased risk for TB infection and is associated 

with increased TB treatment failure and death (13). HIV infection and treatment also increase the 

risk for T2DM (4). Both HIV antiretroviral (ARV) protease inhibitors and nucleoside reverse 

transcriptase inhibitors have been causally linked to diabetes (14). Additionally, ARVs and 

advancing TB treatment have led to increased life spans of those living with the conditions, and 

with increasing age, non-communicable disease (NCD)s are developing more frequently (14). 

Hypertension has also been identified as a common comorbidity in people living with type 2 

diabetes mellitus (PLWT2DM), with an 87% prevalence noted in a facility-based study in 

KwaZulu-Natal (KZN) from 2019 (15). The risk of all diabetes-related complications increased 

for those with a hypertension comorbidity (15). 

1.2.3 Sub-optimal glycaemic control in T2DM 

Guidelines for the monitoring of glycaemic targets in T2DM care 

Setting glycaemic targets for T2DM care, serves to prevent microvascular and macrovascular 

complications in those living with T2DM, by ensuring that patients are not undertreated (4). 

Additionally, effective monitoring allows for early intervention, with resulting glycaemic control, 

which can substantially decrease morbidity and mortality related to T2DM (1).  

The 2017 Society for Endocrinology, Metabolism, and Diabetes of South Africa (SEMDSA) and 

the 2020 South African Standard Treatment Guidelines (STG) and Essential Medicines List 

(EML) for primary health care (PHC) and hospital-levels, have published guidelines for T2DM 

care and glycaemic monitoring (4,16,17). Provinces use the STG and EML guidelines to govern 

their clinical care. Both the STG and SEMDSA guidelines recommend using haemoglobin A1c 

(HbA1c) as a monitoring tool as it captures glycaemic control over two to three months 

(1,4,16,17). And in both, a target level of ≤ 7% is considered optimal (4,16,17). Diagnostic values 

for diabetes are 6.5% or higher, thus HbA1c of below 7% is considered excellent (1,5). 

For those with stable glycaemic levels, HbA1c is recommended to be monitored six monthly 

(SEMDSA guideline) or annually (STG/EML guideline) (4,16,17). For those who are not in the 

target range or who have had a change in their T2DM management, monitoring is recommended 

three to six-monthly (4,16,17). The SEMDSA guidelines also include measures for 
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cardiovascular risk factors such as dyslipidemia, and hypertension as T2DM is an additional risk 

factor for macrovascular complications causing coronary artery disease (CAD) and 

cardiovascular disease (CVD) (4). In T2DM, serum lipids are commonly characterized by 

increased triglyceride levels and decreased high-density lipoprotein (HDL) cholesterol (4). 

However, studies have repeatedly revealed that reducing calculated low-density lipoprotein 

(LDL) cholesterol, with statins, in T2DM patients decreases the risk of CVD (4). Thus SEMDSA 

and STG guidelines recommend that when a patient is first diagnosed with diabetes, serum lipids 

be checked (i.e. total cholesterol and triglyceride levels initially, followed by a 10-hour fasting 

lipogram, including total cholesterol, triglycerides, calculated LDL and HDL cholesterol, if the 

results were elevated) (4,16). Guidelines recommend the lipogram be repeated annually, if the 

results are within recommended ranges, and 3-monthly if not (4).  

Complications associated with sub-optimal glycaemic control in T2DM patients 

T2DM is linked directly to retinopathy, neuropathy, and nephropathy as well as causing an 

increased risk for the development of cardiac and cerebrovascular disease (3). Microvascular 

disease, linked to retinopathy, neuropathy and limb-threatening ischemia, and resultant 

amputations, all substantially affect quality years of life lost, disability-adjusted-life-years; and 

add to burgeoning costs to the health system (18). An HbA1c reading of more than 7.5% 

increases the risk of microvascular disease by 37% (19) and by 2–4 times for CVD and stroke 

(20). For each incremental decrease of 1% in HbA1c, the risk for amputation, heart attack, stroke 

and death related to diabetes decreases by 43%, 14%, 12%, and 21% respectively (19).  

The estimated cost for the public health sector, of both those diagnosed and undiagnosed, in 2018 

was ZAR (South African rand) 21.8 billion. By 2030, the projected costs are a staggering ZAR 

35.1 billion (18). Of the 2030 estimate, 49% of costs are attributed to managing T2DM 

complications. Which are in turn, linked to sub-optimal glycaemic control and are essentially 

preventable (18).  

Furthermore, within the current context of the coronavirus disease of 2019 (COVID-19) 

pandemic, T2DM has been linked to more severe disease course and increased mortality rates 

(21,22). In the United States of America (USA), hyperglycaemia was found to be predictive of 

increased COVID-19 mortality rates (MR) at 28.8% compared to 6.2% in those without diabetes 

(22). Furthermore, of the patients admitted with hyperglycaemia, those who were uncontrolled 
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had a 41.7% MR compared to a 14.8% MR in those who were controlled (22). Locally, data from 

the national COVID-19 hospital surveillance system, DATCOV, estimated that of the COVID-19 

patient admissions, 29% had diabetes as a comorbidity, and that NCD comorbidity was 

associated with increased mortality (23). As such, it is critical to monitor and achieve glycaemic 

targets to decrease disease course severity and death rates (21). 

1.3 LITERATURE REVIEW 

1.3.1 Global NCD Targets and Policy Landscape 

There is a global concern about the increasing burden of NCDs, however, the management of 

NCDs is a complex undertaking (6). The United Nations (UN) High-level Summit for the 

prevention and control of NCDs in 2011, raised awareness of the disease burden and the 

socioeconomic consequences of NCDs, including T2DM; and prioritized tackling NCDs (24,25). 

The World Health Organization (WHO) published a Global Action Plan for the Prevention and 

Control of NCDs 2013–2020 (26,27). In 2015, the SDG targets for 2030 were created. Target 3.4 

(Good Health and Well-Being) spoke to reducing premature mortality due to NCDs by a third.  

To facilitate member countries to achieve SDG 3.4 by 2025, the WHO published “best buys” for 

tackling NCDs in 2017 (26). The “best buys” are cost-effective and feasible policy options that 

are designed to have maximal public health impact (24,26). They include addressing key risk 

factors for NCDs, namely, reducing the use of tobacco and alcohol, as well as, unhealthy diets 

and insufficient physical inactivity (26). They also recommend up-scaling the early detection of 

NCDs; strengthening health system capacity and access to essential medication and digital 

technology; and promoting universal health coverage and person-centered health care (26). In 

terms of diabetes, specifically, it also recommends preventative foot care, retinopathy screening, 

and, critically, achieving optimal glycaemic control (26).  

The WHO Global Diabetes Compact in 2021 further recommended quality care through the 

achievement of glycaemic control targets (28). On the 28th of May 2022, the WHO newsroom 

released the global targets for diabetes, following the 75th World Health Assembly. The targets 

aimed to achieve 80% of people living with T2DM (PLWT2DM) being diagnosed, and 80% of 

PLWT2DM achieving glycaemic control by 2030 (29). In addition, to prevent macrovascular 
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complications, it includes the targets of 80% of PLWT2DM being controlled for their blood 

pressure (BP); and  60% of PLWT2DM, over 40 years of age, receiving statins (29).  

Following the 76th World Health Assembly in May 2023, the “best buys” were expanded, to 

include a greater menu of intervention and policy options for member states of all income levels 

(30). Some of the expanded policy options include increased tax and advertising bans for tobacco 

and alcoholic beverages, as well as, reformulating unhealthy foods and enforcing nutritional 

labeling of food items, protecting children from advertising of harmful food and beverages, and 

promoting breastfeeding (30). 

1.3.2 South African NCD Targets and Policy Landscape 

The formation of the Directorate for Chronic Diseases, Disability, and Geriatrics, within the 

NDoH, in 1996, has led to multiple national guidelines to prevent and control NCDs in South 

Africa (24,31). The SA National Department of Health (NDoH) introduced several population-

wide initiatives to address the NCD burden by addressing behavioral risk factors, such as 

population-level legislative control measures for sugar in beverages, tobacco, salt, trans-fats, and 

limited programmes targeting physical activity (24,31,32). These have proven partially effective 

(24,31,32), with stronger evidence for the effectiveness of both the tobacco and sugar legislative 

measures (Table 1.1).  

Table 1.1: Legislative control measures to curb non-communicable diseases in South Africa 

Control Measure Legislation Proof of Impact 

Tobacco Products Control Act of 

1993 (with amendments in 1999 and 

2007) 

Increased taxation, health 

warnings to be displayed on 

tobacco products, and banned 

sales to under-16s (24,33)  

Resulted in a reduction in smoking 

of 26% between 1993 and 2000 

(34). 

Health Promotion Levy in 2018 Introduced a sugar-based 

tax of 10% on beverages 

sweetened with sugar (24,35) 

Reductions, in daily household 

consumption of sugar by 51%, in 

calories by 52%, and in volume 

consumed by 29% (36). 

Manufacturers reformulating their 

products (36). Greatest effect was 

in lower-income households 

suggesting a public health benefit 

for those most at risk and least 

able to afford healthcare (35,36).   

National Sport and Recreation 

Strategic Plan (2012 – 2016) & the 

Sports Charter 

Aimed to increase physical 

activity in the general population 

by 10% by 2020. To improve 

equitable access to safe and secure 

sporting facilities (24,37). 

None of note 

Liquor Act passed in 2003 Reducing the harmful use of 

alcohol, and the associated social 

Sales in unregistered outlets 

remain uncontrolled, even for 
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behaviors, and additionally 

prohibiting sales to those under-

18s, while still sustaining the 

liquor industry (24,38).  

minors, and there have been 

minimal improvements in public 

health as a result (24). 

The salt regulation legislation (2016 

and 2019)  

To lower salt content in processed 

foods (24). 

Monitoring of compliance has 

been limited (24).  

The South African Department of Health’s National Strategic Plan (NSP) for the Prevention and 

Control of Non-Communicable Diseases (2022 – 27), built on existing policy and legislation, and 

developed further guidelines for NCDs (24). In line with SDG targets for 2030 and the National 

Health Insurance (NHI) goals (23), it aimed to reduce premature mortality (death in those under 

60 years) by 25%, and to proportionally increase those controlled for diabetes by 30% (39). 

Additionally, it set additional goals for 2030, namely, achieving 90% of people living with type 

two diabetes mellitus (PLWT2DM) diagnosed, 60% of those diagnosed receiving treatment, and 

50% of those receiving treatment achieving glycaemic control (39).  

The NSP strategy relies on major reforms of the SA Health Care System and cross-cutting 

implementations across the NHI, Primary Health Care, Schools Health Programmes, and Human 

Resource Development programmes to support non-communicable disease prevention and 

control (32,39,40). Primary care interventions include the Primary Health Care Re-engineering 

policy and, the Integrated Chronic Disease Management approach. These sought to mobilise and 

build on existing skills in ward-based outreach teams and community health workers (CHW), 

historically used for HIV/AIDS home-based management; and sought to extend CHW’s scope to 

include NCD screening and education to deliver integrated NCD services (32,40,41).  

Additionally, community-based services were established, in terms of NCD support groups and 

community-based medication delivery mechanisms (32,42). Thus addressing commonly cited 

barriers to care for PLWT2DM in South Africa, such as promoting easier access to medication, 

by negating long waiting times, medication stock-outs, and inaccessible clinics (32,42).  

The Central Chronic Medicine Dispensing and Distribution Programme 

The CCMDD programme, situated in the NHI programme, was launched by NDoH in 2014 

(43,44). It aimed to improve access to medication and to provide affordable, quality health care to 

all South Africans (43,44). The CCMDD allowed stable HIV and NCD patients to collect their 

chronic medications from community-based pickup points (PuPs), such as independent 

pharmacies, adherence clubs, and Smart Lockers every second month (43) (Figure 1.1). In 

addition to promoting medication accessibility, it also improved adherence, reduced 
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transportation costs for patients, decongested clinics, and relieved overburdened staff to allow for 

improved quality of care (32,45).  

 
Figure 1.1: Distribution pathways within the CCMDD (44) 

T2DM patients were eligible to be enrolled into CCMDD if they were 18 years or older, able to 

give consent, and were stable for their condition (43). Being stable on medication was defined as 

having two consecutive normal fasting plasma glucose (FPG) readings of less than 7 mmol/L 

(43). Patients that require frequent clinical follow-ups for another condition, such as TB, are 

excluded from the programme; as CCMDD-enrolled stable patients only attend their clinics 

biannually for follow-up and to renew their prescriptions (43). Other non-stable patients with 

T2DM, as per the STG, attend clinics, quarterly (4,16).  

By 2018 an 88% reach had been achieved and 94.6% of facilities in the districts involved were 

represented (43). Of the 2 069 039 active patients in the programme, 24% were collecting 

medication for chronic disease alone (43). It was hailed a success as 35% of registered patients 

were using external PuPs, rather than queuing at clinics, and patient retention in the programme 

was 70% (43). However, there is currently no monitoring and evaluation in place for the 

glycaemic control of T2DM CCMDD-enrolled patients over time. As such, there is no 

mechanism in place, to assess patients’ continued eligibility (i.e. remaining stable for their 

condition), after enrolment.  
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1.3.3 Rule of Halves Framework for Diabetes and Diabetes Care Cascades 

The Rule of Halves is well known in NCD epidemiological circles, since its first use, in 1974, to 

describe the unmet care for non-insulin-dependent PLWT2DM in the USA (46). Five decades 

later, the Rule of Halves framework is still thought to hold true for diabetes in describing the 

unmet need for care within the care cascade. That is, half of those with T2DM get diagnosed, 

only half of those diagnosed with T2DM get treatment and only half of those treated go on to 

achieve recommended glycaemic targets (Figure 1.2) (46). Napier et. al. (2017) also included a 

fifth tier, where 6% of those achieving glycaemic targets are free from diabetes-related 

complications (47).  

 

Figure 1.2: The Rule of Halves Theoretical Framework (47) 

Categorisation across the continuum of care, in this manner, can pinpoint at which points in the 

cascade of care the need for care is unmet (48). Cascades of care have been successfully used, in 

HIV/AIDs management. The 95-95-95 UN cascades of care targets, successfully drove global 

strategies to achieve improved HIV/AIDs care and management (49). This approach has been 

followed for T2DM with some success, however, international targets have not been defined 

(49).  

Internationally, more developed countries, such as Copenhagen, in 2017, have surpassed the 50% 

mark, for those diagnosed with diabetes (at 74%) and for those diagnosed being treated (at 90%); 

however, they fell shy in terms of those achieving glycaemic control (at 40% – 60%). Of those 
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who were optimally controlled, there was a complication rate of 11% for retinopathy and 25% for 

macrovascular events (50). Similarly, in the USA in 2019, 94% of those with diabetes were 

linked to care and 64% of those had achieved optimal glycaemic control (51).  

In less developed countries, where medication and health care is not always free, the above 

targets may be difficult to achieve. This was evident in a population-based study in South Africa, 

by Stokes et al (2017), using data extracted from the South African National Health and Nutrition 

Examination Survey (SANHANES: 2011–2012). They found that 40% of those with diabetes had 

been diagnosed, with 94% of those diagnosed receiving treatment and of those treated 51% had 

achieved optimal glycaemic control (48). This equates to 19% of all of those with T2DM 

achieving optimal glycaemic control. Thus highlighting a gap in terms of effective management 

(48). To our knowledge, this study provides the only baseline values, at a national-level, for the 

care cascades in South Africa. Without more recent baseline estimates, the NDoH has no accurate 

reference point to gauge their progress towards their 2030 NSP goal of  improving the 

proportions of those controlled for their diabetes by 50% (39).  

1.3.4 South African Studies on Glycaemic Control 

At facility-level, several studies on glycaemic targets in T2DM patients in South Africa, between 

1999 and 2021, have looked at proportions of optimally controlled patients, based on 

recommended glycaemic targets (HbA1c < 7%), through retrospective patient chart audits (52–

58). Five have been at either secondary or tertiary-level facilities, and observed proportions of 

those optimally controlled varying from 20.1% at Umtata General Hospital (1999), 30.7% at 

Gauteng province (GP) academic hospitals (2009) (52,53), to 19.3% at Hillbrow Clinic (2017), 

15.4% in Port Shepston Hospital (2017) (54,58), and 15.3% at Helen Joseph Hospital in 2020 

(55). Two studies were based at PHC clinic level, in Tshwane. A study by Webb, Rheeder and 

Van Zyl (2015) found 27% of diabetic patients were optimally controlled, and Ngassa Piotie et. 

al. (2021) found 29% were optimally controlled (56,57). The larger proportions of sub-optimal 

control observed at secondary and tertiary level hospitals, compared to PHC level, can be 

explained by patients who are more complicated in nature (i.e. those with more complications, 

comorbidities, or being difficult to manage) being up-referred to larger facilities for more 

specialised care. Once better managed, patients are stepped back down to PHC clinics (55).  
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Of further concern, Ngassa Piotie et. al.’s findings, of only 29% of T2DM patients being 

optimally controlled, occurred in patients enrolled in the CCMDD (57). As patients have to have 

glycaemic control (from two consecutive FPG readings) as a prerequisite for enrolment into the 

programme, this was an alarming figure (57). The study concluded that despite medication being 

more accessible, other barriers to the achievement of glycaemic control targets existed and 

further investigation into potential explanatory factors, by means of a cohort study, was 

recommended (57).  

1.4 PROBLEM STATEMENT 

The WHO recommends that 80% of PLWT2DM achieve recommended targets for glycaemic 

control (29). The SA NSP for NCDs aims to achieve 50% of those receiving treatment, attaining 

glycaemic control by 2030 (39). Previous studies consistently report small proportions of T2DM 

patients reaching glycaemic targets (15.3% – 30.7%), across primary and tertiary levels of care, 

and across provinces in South Africa. However, they have been largely cross-sectional patient 

record reviews. As such, there may have been information bias due to incompleteness and poor 

data quality (52–55,57,58). Additionally, there is no reliable central data repository for T2DM in 

South Africa. Only one study has looked at glycaemic control among T2DM CCMDD-enrolled 

patients (57). They concluded, that despite medication being more accessible, glycaemic control 

was poor; thus recommending a cohort study to investigate other explanatory factors (57). While 

the CCMDD captures demographic and prescription information on patients with stable T2DM, it 

does not include clinical measures such as HbA1c and LDL. The National Health Laboratory 

Services (NHLS)’s central data warehouse (CDW), has the majority of this information available, 

as the single public health care laboratory provider in KZN.  

A gap exists in that there are no robust cohort studies of district-level data available to confirm 

the proportions of CCMDD-enrolled patients, on treatment for their T2DM who are achieving 

glycaemic control (Figure 1.3). As such, the NDoH has no recent, accurate reference point to 

determine the magnitude of the unmet need for diabetes care for CCMDD-enrolled patients, and 

are unable to gauge their progress towards the NSP targets. Additionally, data is pauce for factors 

associated with sub-optimal glycaemic control among CCMDD-enrolled T2DM patients. 
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1.5 JUSTIFICATION 

Merging and enhancing the CCMDD patient information with NHLS clinical data provides a 

unique opportunity to retrospectively follow a cohort of patients retrospectively, accounting for 

variation in HbA1c over time. This cohort study builds on previous studies to determine 

glycaemic control within the CCMDD programme. This study also identifies sub-groups at 

increased risk of developing sub-optimal glycaemic control. Identifying, understanding, and 

integrating these factors or vulnerabilities into diabetes care would prevent diabetes-related 

morbidity and mortality and reduce expenses related to uncontrolled T2DM. Findings can 

enhance existing CCMDD data, assist in monitoring and evaluation, and assist with more targeted 

interventions. Additionally, the information from this study can assist the NDoH to monitor and 

evaluate South Africa’s progress towards achieving the NSP goals for 2030. Moreover, as no 

central data repository for T2DM exits in the majority of South Africa’s districts and provinces 

(except for Western Cape), the merging of datasets may reveal if it is possible to estimate 

whether needs are being met in the care cascade, at district-level, rather than relying on facility-

based audits for this information. 

1.6 RESEARCH QUESTION 

The research question is whether adult T2DM CCMDD-enrolled patients, collecting chronic 

medication from community PuPs were optimally controlled at baseline and last HbA1c reading, 

as well as the rate and predictors of becoming sub-optimally controlled, between April 2018 and 

June 2021, in the eThekwini district, KZN. 

1.7 AIM OF THE STUDY 

The overall aim was to determine glycaemic control, at baseline and last HbA1c reading, as well 

as the rate and predictors of becoming sub-optimally controlled for CCMDD-enrolled T2DM 

patients in eThekwini, South Africa from 2018-2021.  

1.8 OBJECTIVES OF THE STUDY 

1. To determine proportions of T2DM patients optimally controlled at enrolment into CCMDD 

by the achievement of the SEMDSA and STG recommended targets for: 

(a) baseline (BL) HbA1c and  

(b) the SEMDSA target for BL LDL. 
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2. To determine proportions of T2DM patients optimally controlled at the last recorded test 

(closest to June 2021) by achievement of the SEMDSA and STG recommended targets for: 

(a) HbA1c and 

(b) the SEMDSA target for LDL. 

3. To determine factors associated with sub-optimal glycaemic control at baseline and last 

recorded test, in terms of: 

(a) demographic factors, (b) intermediate targets for cardiac health, (c) type of treatment, (d) 

quality of care, and (e) co-morbidities.  

4. To determine the time to failure (i.e. the first event of sub-optimal control) and associated 

predictors (as in objective 3) for developing sub-optimal control. 
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Figure 1.3: A diagrammatic summary of the gap between the existing NHLS laboratory and the 

CCMDD programmes data and the implications on care guidelines.  
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 ABSTRACT 

Background: The CCMDD (Central Chronic Medicines Dispensing and Distribution) 

programme allows clinically stable type 2 diabetes mellitus (T2DM) patients to collect their 

medication from community-based pick-up points.  

Aim: We determined baseline glycaemic control and the rate and predictors of becoming sub-

optimally controlled for T2DM CCMDD-enrolled patients in eThekwini, South Africa from 

2018- 2021. 

Methods: We performed a cohort study for patients enrolled in the CCMDD, in eThekwini, 

between April 2018– December 2021. We linked glycated haemoglobin (HbA1c) data from the 

National Health Laboratory Service to CCMDD-enrolled patients allowing a six-month time 

buffer (i.e. October 2017– June 2022). We selected patients optimally controlled at their baseline 

HbA1c, and having more than 1 repeat-test available. We used Kaplan-Meier analysis to assess 

survival rates and extended Cox regression to determine associations between time to sub-

optimal control (HbA1c >7%) and predictors. Adjusted hazard ratios (aHR), 95% confidence 

interval (CI), and p-values are reported. 

Results: Of 41145 T2DM patients enrolled in the CCMDD, 7960 (19%) had a HbA1c result 

available, with a total of 12102 HbA1c tests performed. Twenty-seven percent (2147/7960) were 

optimally controlled at their baseline HbA1c. Of those controlled at baseline, 695 (32%) patients 

had a repeat test available, with 35% (242/695) changing to sub-optimal status, with a 25th 

percentile of survival time of 2.88 years.  HbA1c testing frequency per national guidelines was 

associated with a lower hazard of sub-optimal glycaemic control (aHR: 0.46; 95% CI: 0.24–0.91; 

p-value=0.024). Patients prescribed dual-therapy had a higher hazard of sub-optimal glycaemic 

control (aHR: 1.50; 95% CI: 1.16–1.95; p-value=0.002) versus monotherapy.  

Conclusions: HbA1c monitoring, in-line with testing frequency guidelines, is needed to alert the 

CCMDD of patients who become ineligible for enrolment. Patients receiving dual-therapy 

require special consideration.   

Contribution: We identified shortfalls in the CCMDD, and predictors for developing sub-

optimal control, that can assist future programme planning and implementation.  
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INTRODUCTION 

Diabetes is the second leading natural cause of death in South Africa (SA),1 affecting an 

estimated 4.2 million people.2 Ninety percent of people living with diabetes have type 2 diabetes 

mellitus (T2DM), considered a preventable and potentially reversible condition.2,3  However, 

prevalence has continued to rise, particularly among women.1 The growing trend has been fueled 

by lifestyle factors (e.g. urbanisation, increased consumption of processed foods, reduced 

physical activity, and obesity); as well as, social and commercial determinants of health.2,3  

Due to the chronic nature of the disease, people living with T2DM (PLWT2DM), need to monitor 

their glycaemic levels regularly, thus continuously assessing their disease progression and 

preventing T2DM-related complications.2,3 T2DM-related complications include macrovascular 

diseases (i.e. CVD or stroke) and microvascular diseases (i.e. retinopathy, neuropathy, and 

nephropathy).4 Sub-optimal or poor glycaemic control has been linked to a 37% increased risk of 

microvascular diseases5 and a 2 -  to  4 - fold increased risk of macrovascular diseases.6 

Various tests exist to monitor glycaemic control, including, fasting plasma glucose (FPG) and 

glycated haemoglobin (HbA1c) tests. FPG is an indicator of short-term glycaemic levels, and is 

in constant flux, since it is dependent on factors such as food consumed, stress, or physical 

activity.7 HbA1c is a longer-term indicator of glycaemic control, over 2 to 3 months,7 and is 

considered the gold standard for glycaemic monitoring by the International Diabetes Federation 

(IDF).2 When using HbA1c, sub-optimal glycaemic control, is defined by test readings of > 7%.3,8 

Current guidelines by the Society for Endocrinology, Metabolism and Diabetes South Africa 

(SEMDSA) recommend HbA1c monitoring three-monthly if control is sub-optimal and six-

monthly if control is optimal.3 The standard treatment guidelines (STG) for primary health care in 

South Africa recommend three- to six-monthly HbA1c testing if sub-optimally controlled 

(HbA1c >7%) and 12-monthly testing if optimally controlled (HbA1c ≤7%).8 Those with sub-

optimal glycaemic control require more frequent monitoring, to allow for early corrective actions 

to achieve optimal control. Early corrective actions help prevent T2DM-related complications, 

which impose considerate costs to the public health service and social and economic costs to 

PLWT2DM.2  

Considering the magnitude of the public health problem posed by non-communicable diseases 

(NCD) including diabetes, the SA National Department of Health (NDoH) launched the National 
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Strategic Plan (NSP) for the Prevention and Control of Non-Communicable Diseases 2022–2027, 

in May 2022.9 The NSP aimed, among others, to ensure that 50% of those receiving T2DM 

treatment, achieve glycaemic control by 2030.9 

Underpinning the NSP, are existing policies, such as, the Primary Health Care Re-engineering 

policy and, the Integrated Chronic Disease Management approach. These include developing, and 

mobilising existing community-based services (e.g. support groups and community-based 

medication delivery mechanisms), to manage NCD patients at community-level.10,11 The Central 

Chronic Medicines Dispensing and Distribution (CCMDD) programme is one such initiative and 

was launched in 2014 by the NDoH.12 The CCMDD allowed stable HIV-positive and NCD 

patients to collect their chronic medications from community-based pick-up points, such as 

independent pharmacies, adherence clubs, and smart lockers every second month.11,12 Thus, 

services are decanted to decongest clinics and relieve overburdened staff, allowing for improved 

quality of care.12,13 Additionally, the programme addresses commonly cited barriers to 

accessibility and adherence to medication, such as reducing transportation costs for patients, and 

negating long waiting times and medication stock-outs at clinics.12,13  

T2DM patients are eligible to be enrolled into CCMDD if they are 18 years or older, able to give 

consent, and medically stable.12 Being stable on medication was defined as having two 

consecutive normal fasting plasma glucose (FPG) readings of less than 7 mmol/L, being on 

medication for more than six months, and having no changes to medication in the last year.12 

Non-stable patients with T2DM, as per the STG, attend clinics quarterly,8 while non-enrolled 

stable patients8 and CCMDD-enrolled stable patients attend clinics biannually for follow-up and 

for prescription renewal.12 

The CCMDD does not collect clinical data, therefore, there is limited evidence of clinical 

outcomes over time for patients enrolled in the programme. Merging and enhancing the CCMDD 

patient information with laboratory data housed in the central data warehouse (CDW) of the 

NHLS clinical provides a unique opportunity to follow a cohort of patients retrospectively, 

accounting for variation in HbA1c over time. This cohort study builds on previous studies to 

determine glycaemic control within the CCMDD programme. This study also identifies sub-

groups at increased risk of developing sub-optimal glycaemic control. Identifying, understanding, 

and integrating these factors or vulnerabilities into diabetes care would prevent diabetes-related 

morbidity and mortality and reduce expenses related to uncontrolled T2DM. Findings can 
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enhance existing CCMDD data, assist in monitoring and evaluation, and assist with more targeted 

interventions. Additionally, the information from this study can assist the NDoH to monitor and 

evaluate South Africa’s progress towards achieving the NSP goals for 2030. 

KwaZulu-Natal (KZN), and the district of eThekwini, in particular, have been highlighted by 

recent research as an area of particular concern for their diabetes disease burden, with eThekwini 

representing 45% to 55% of newly diagnosed cases in the province.14,15 To our knowledge, there 

are no prior studies within the CCMDD, addressing changes in glycaemic control over time in 

eThekwini, KZN. In this article, we determined the proportions of CCMDD-enrolled patients 

achieving optimal glycaemic control and looked at factors associated with an increased hazard for 

developing sub-optimal control. 

 METHODS 

Study design 

We conducted a retrospective cohort study to describe HbA1c test results extracted from the 

NHLS CDW, for all T2DM CCMDD-enrolled patients receiving oral hypoglycaemic medications 

through the programme between April 2018 and December 2021 in eThekwini, KZN.  

Study setting 

The study took place in the public health sector in the district of eThekwini in KZN, South 

Africa.   

Data Sources 

We sourced our data from the CCMDD and NHLS CDW. The CCMDD has achieved a reach of 

88%, with 94.6% of facilities in the districts represented.12 As such, CCMDD reaches eight 

community health clinics, 99 clinics, and 13 hospitals within eThekwini. The NHLS is the sole 

provider of laboratory services for the public health system, serving 80% of the population.16 

 Study participants 

The study participants were all T2DM adult (≥ 18 years) male and female patients enrolled in the 

eThekwini CCMDD over the study period (April 2018 to December 2021). As this study used 
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secondary data, no sampling was done. We selected those with non-missing HbA1c data from the 

NHLS CDW. We allowed a six-month window, for the HbA1c reading from the clinical visit 

preceding the patient’s first CCMDD prescription date, and the last CCMDD prescription date, to 

be included (October 2017 and June 2022). For the survival analysis, we selected those optimally 

controlled at their first HbA1c measure and with a repeat HbA1c test/s available between October 

2017 and June 2022.  

Variables and data management 

CCMDD data was provided as an Excel spreadsheet and was exported to STATA version 17 for 

cleaning and analysis. The CCMDD data included date of birth, sex, healthcare facility, T2DM-

related complications, and details of the first and last prescription (medication and prescription 

dates). The data was checked for errors, inconsistencies, outliers, and missing data. Any duplicate 

participants and duplicate observations per participant, were identified and removed. Data was 

transformed from a long to a wide format. This data was sent as an excel spreadsheet to the 

NHLS gatekeepers, who matched Hba1c test results to the CCMDD line list using the national 

identity number. The NHLS HbA1c data included the date of the specimen, the date of the 

laboratory test, and the test name and value. This data was sent back to the primary investigator. 

The variables for HbA1c test date, the HbA1c result, and the unique patient ID, were used to 

determine a duplicate HbA1c observation. Data variables were unstrung and formatted as 

numerical, date values or encode as categorical variables, as was appropriate.  

We used HbA1c values from the NHLS merge, which was a continuous measure. We created a 

binary variable for optimal and sub-optimal control. This study defined glycaemic control as 

optimal if the HbA1c reading was 7% or less and as sub-optimal for values above 7%. This is per 

the 2017 Society for Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA) 

guidelines and the 2020 South African Standard Treatment Guidelines (STG).3,8 We defined the 

baseline HbA1c value as the first recorded NHLS value within the study period. For the survival 

analysis, only those optimally controlled at their first reading in the study period were used, and 

time-to-failure was calculated for the first change of status to sub-optimal control. We also 

created a categorical variable from the HbA1c value, where values less than or equal to 7% were 

optimal, and sub-optimal values were further sub-catagorised as 7.1 – 8.9%, 9 – 11.9%, and 12% or 

more. These categories were chosen a priori, based on the literature review.  
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We calculated age using the “datediff” command to subtract the HbA1c sample collection date 

from the patient’s date of birth. Once calculated, we categorised age in years, in four levels, as 

follows: 18–39, 40–59, 60–79 and 80 or over. We used these categories as the age data was 

skewed suggesting nonlinearity. We included the categories 18–39 and 80 or over, despite the 

relatively fewer values to isolate the aberrant median HbA1c values in these categories.  

To manage diabetes, the STG and essential medication list (EML) of South Africa, advise 

lifestyle modification, followed by progressive pharmacological therapies; starting with 

monotherapy (i.e. metformin) and are up-scaled to dual-therapy (i.e. metformin and a 

sulphonylurea agent, namely, glibenclamide or glimepiride), and finally to insulin, if a patient is 

still sub-optimally controlled or if their disease progresses.8  We used the “strops” function to 

identify these medications used for diabetes management. We then used “egen” function to total 

tags for metformin, glibenclamide and glimepiride for each unique patient ID, to create a 

categorical variable with three levels, as follows: monotherapy (one oral hypoglycaemic agent 

prescribed), dual-therapy (two hypoglycaemic agents prescribed) and triple-therapy (three 

hypoglycaemic agents prescribed) in the same prescription. Since the patient's prescriptions 

changed over time, we used the following coding strategy. If the patient used two medications at 

any point over the study period, or changed from monotherapy to dual-therapy, they were placed 

in the dual-therapy category. Those that only ever used one oral agent were placed in the 

monotherapy category. It is notable, that it is not within the recommendations to prescribe three 

oral hypoglycaemic agents to manage diabetes, so we include this category with only a few 

values, to describe these aberrant cases. Notably, insulin-using PLWT2DM are not eligible for 

the programme due to cold-chain procedures and the need for monthly clinical monitoring for 

titration.17 

We used the “strops” command in Stata, to identify facilities that were hospitals, and those that 

were primary health care (PHC) facilities (i.e. clinics or CHCs), based on the facility name. We 

created a variable for facility type, with two levels, namely hospital or PHC facility. We also used 

the “strops” function to identify neuropathy or nephropathy T2DM-related complication data and 

created a binomial variable, indicating if there were no recorded complication, or if there was a 

recorded complication (i.e. neuropathy or nephropathy). Notably diabetic retinopathy data was 

unavailable in either data source. As the study period was over three years, and T2DM-related 
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complications and facility type did not vary over time, we used the baseline category in our 

coding strategy.  

The SEMDSA clinical care guidelines recommend three months between HbA1c tests for those 

sub-optimally controlled, and six months between tests for those optimally controlled.3 We 

calculated adherence to the SEMDSA testing frequency guidelines for each patient by calculating 

the time between each HbA1c test and the test that preceded it with the Stata “datediff” 

command. If the preceding test was optimal, we used an interval of six months or less to define 

adherence and an interval of more than six months to define non-adherence. If the preceding test 

was sub-optimal, we used an interval of three months or less to define adherence and an interval 

of more than three months to define non-adherence. We then summed tests that adhered to the 

recommended time interval for each patient, and divided this by the number of tests per patient 

minus the first test (i.e. N - 1). We subtracted the first test as it did not have a test preceding it. 

We considered a proportion of 1 as the patients adhering to the guideline for all of their tests (e.g. 

if a patient had three HbA1c tests, and two adhered to the recommended time interval, then their 

adherence rate was 2/ (3 - 1) = 1). Thus, the adherence variable was binomial. 

The CCMDD is used to distribute medication for other stable chronic conditions (e.g. 

hypertension (HPT), hyperlipidaemia and HIV). We used “strops” to identify the relevant 

conditions, to create the comorbidity variable: T2DM alone, T2DM and HIV, T2DM and 

dyslipidaemia, and multimorbidity (i.e. T2DM, HPT, HIV).  

Data Analysis 

STATA v17 was used to conduct the analysis. We used summary statistics to describe the HbA1c 

tests available, as well as, the frequency and proportion of those with one, two or more than three 

HbA1c tests performed over the study period. We also calculated the median and inter-quartile 

range (IQR) time interval between tests in months, median age and the median months between 

HbA1c test and CCMDD enrollment date. Medians and IQR were reported for all non-normally 

distributed continuous variables, on statistical (sktest and swilk) and graphical tests.  

We summarised baseline patient characteristics (i.e. sex, age, type of facility, T2DM-related 

complications, type of oral hypoglycaemic therapy received and comorbidities) using frequencies 

and proportions for all categorical data. We summarised median HbA1c values across each 
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covariate’s strata. Additionally, frequencies and proportions were reported by optimal and sub-

optimal control across each covariate’s strata. The Chi-square test was used to assess the 

association between glycaemic control status (optimal versus sub-optimal) and each covariate 

(i.e. sex, age, type of facility, T2DM-related complications, type of oral hypoglycaemic therapy 

received and comorbidities). A p-value less than 0.05 was considered statistically significant in 

the Chi-square test.  

For those who had an optimal HbA1c test value at baseline, with at least one repeat test value 

available, we performed a survival analysis. The outcome of interest was years until sub-optimal 

glycaemic control. It was generated by using the date of the first sub-optimal event, in the study 

period. For those that remained optimally controlled to the end of the study period (i.e. those who 

were right censored), we used the last date of the study period (i.e. 30 June 2022). We calculated 

the median age (IQR), median HbA1c (IQR), median (IQR) months between HbA1c tests, 

median (IQR) months between the first available HbA1c test and the CCMDD enrollment date, 

median (IQR) number of tests per unique patient, and median (IQR) analysis time in years, by 

glycaemic control outcome. We summarised these patient characteristics using frequencies and 

proportions for sex, age, type of facility, T2DM-related complications, type of oral 

hypoglycaemic therapy received and comorbidities. 

Univariate analysis was performed, using Kaplan-Meier curves to analyse the survival curves for 

the probability of maintaining optimal control by potential predictor variables (i.e. sex, age, type 

of facility, T2DM-related complications, type of oral hypoglycaemic therapy received and 

comorbidities). The log-rank test was used to compare survival curves across categorical 

variables’ strata. We summarised frequencies, sub-optimal event frequencies and time at risk for 

each covariate’s (i.e. sex, age, type of facility, T2DM-related complications, type of oral 

hypoglycaemic therapy received and comorbidities) strata. Incidence rates for developing sub-

optimal control were calculated by dividing the number of sub-optimal events by the time at risk 

(in person-years), for each covariate’s strata. Incidence rates and 95% CI were reported per 1000 

person-years. We also assessed the 25th percentile of survival time in years (i.e. the analysis time 

where 25% of subjects have become sub-optimally controlled and 75% remain optimally 

controlled) for each covariate strata. Variables with a p-value < 0.25 were included in the 

multivariable Cox model. We tested interaction terms between all covariates, however none were 

significant.  
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The variables sex, facility type, type of therapy, and adherence to SEMDSA guidelines for 

HbA1c testing frequency were included in the final model. The assumption of proportional 

hazards (PH) was not upheld in the global test due to the variable facility type, consequently, an 

extended Cox analysis, which is used for analysis where time-varying variables exist, was 

conducted. We summarised the co-efficient (95% CI) and adjusted hazard ratios (95% CI) for the 

main model and for the time-varying coefficient model. We calculated a combined effect by 

adding the two models coefficients (i.e. 1- ℯ(main model co-efficient+ time-varying co-efficient)). A confidence interval 

of 95% was used and a significance level of p < 0.05 was considered statistically significant for 

the Cox regression model tests. 

 Ethical Considerations  

Ethical approval was obtained from the University of the Witwatersrand’s Medical Human 

Research Ethics Committee (HREC no. M220232). Data access approval was obtained from the 

relevant custodians in the CCMDD and NHLS. 

 RESULTS 

Participants 

There were 41 145 CCMDD-enrolled patients in eThekwini, who were 18 years or older and 

receiving oral hypoglycaemic medication between 2018 and 2021 (Figure 2.1). Nineteen percent 

(7 960/41 145) had 1 or more HbA1c test result. Among patients with a HbA1c test available, 

27% (2 147/7 960) were optimally controlled at baseline. Of these, 695 patients had 1 or more 

repeat HbA1c test result in the study period (Figure 2.1). 
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Figure 2.1: Flow chart of study population selection. CCMDD, central chronic medication 

dispensing and distribution programme; HbA1c, glycated haemoglobin A1c; NHLS, national 

health laboratory service. 

Descriptive data 

Baseline analysis results 

For the 7960 CCMDD-enrolled patients, there were 12 102 HbA1c tests performed over the study 

period (Table 2.1). Of the 12 102 HbA1c test results, 66% (n=7 960) were first observations, 

22% (n=2 646) were second observations and 12% (n=1 496) were the third or more observations 

for a unique patient. The overall median interval between tests for those with more than one test 

available was 12 months (IQR: 8–18). The median age of patients was 60 years (IQR: 52-67) and 

the median HbA1c was 8.2% (IQR: 7.0–10.0). 

Demographic characteristics of the 7 960 patients with a baseline HbA1c are summarized by 

glycaemic control status (Table 2.2). Those who were excluded for being sub-optimally 

controlled at baseline differed from those that were included by sex, age, and type of therapy, and 

were similar by type of facility, T2DM-related complications, and comorbidity (Table 2.2).
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Table 2.1: Description of HbA1c samples for the Central Chronic Medicines Dispensing and Distribution programme cohort receiving oral 

hypoglycaemic medication for T2DM, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N = 7 960). 
  Number of HbA1c tests per patient 

Characteristic  1 2 ≥3† Total 

HbA1c samples N (%) 7 960 (65.8%) 2 646 (21.9%) 1 496 (12.4%) 12 102 (100%) 

Sub-optimally controlled N (%) 5 984 (75.2%) 1 964 (74.2%) 1 181 (78.9%) 9 129 (75.4%) 

Median HbA1c result (IQR) 8.1 (7.0–10.0) 8.1 (6.9–9.9) 8.4 (7.1–10.1) 8.2 (7.0- 10.0) 

Median months between 1st HbA1c test & CCMDD enrolment date (IQR) 4 (-8–18) 12 (-1– 26) 18 (5–31) 7 (-6–22) 

Median months between HbA1c tests (IQR) - 12 (8–19) 9 (6–13) 12(8–18) 

Median age in years (IQR) 60 (52–67) 60 (52–67) 60 (52–67) 60 (52–67) 

†Those with 3 or more observations were grouped 
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Table 2.2: Baseline median HbA1c value by patient characteristic for the Central Chronic Medicines Dispensing and Distribution 
programme cohort receiving oral hypoglycaemic medication for T2DM, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021(N = 

7 960). 
Characteristic Total 

N = 7 960 (100%) 

n (%)  

Median HbA1c (IQR) Sub-optimal (HbA1c > 7%) 

N = 5 813 (73%) 

n (%) 

Optimal (HbA1c ≤ 7%) 

N = 2 147 (27%) 

n (%) 

p-value† 

Sex      < 0.001†*** 

Male 2 608 (33%) 7.9 (6.8–9.8)  1 816 (31%) 792 (37%)  

Female 5 352 (67%)( 8.2 (7.0–10.1) 3 997 (69%) 1 355 (63%)  

Median age (years) 60 (IQR:52–67) - 59 (52–66) 62 (IQR:54–70) < 0.001††*** 

Age category (years)      < 0.001†*** 

≤ 39 year 311 (4%) 8.5 (7.1–11)  234 (4%) 77 (4%)  

40–59 years 3 566 (45%) 8.6 (7.2–10.5) 2 759 (47%) 807 (38%)  

60–79 years 3 831 (48%) 7.8 (6.9–9.5) 2 692 (46%) 1 139 (53%)  

≥ 80 years 252 (3%) 7.1 (6.5–8.1) 128 (2%) 124 (6%)  

Type of facility     0.92† 

PHC facilitya 5 195 (65%) 8.1 (6.9–9.9) 3 792 (65%) 1 403 (65%)  

Hospital 2 765 (35%)  8.2 (7.0–10.1) 2 021 (35%) 744 (35%)  

T2DM-related complication     0.23† 

Neuropathy or nephropathy 4 135 (52%) 8.1 (6.9–9.9) 2 996 (52%) 1 139 (53%)  

None recorded 3 825 (48%) 8.2 (7.0–10.1) 2 817 (48%) 1 008 (47%)  

Type of therapy     < 0.001†*** 

Monotherapy 4 418 (56%) 7.6 (6.7–9.4) 2 870 (49%) 1 548 (72%)  

Dual-therapy 3 538 (44%) 8.8 (7.4–10.6) 2 939 (51%) 599 (28%)  

Triple-therapy 4 (0%) 9.8 (9.3–10.1) 4 (0%) 0 (0%)  

Comorbidity     0.097† 

T2DMb alone 1 175 (15%) 8.4 (7.0–10.3) 880 (15%) 295 (14%)  

T2DM and HIVc 450 (6%) 8.6 (7.0–10.5) 335 (6%) 115 (5%)  

T2DM and HPTd 5 608 (70%) 8.1 (7.0–9.9) 4 094 (70%) 1 514 (71%)  

T2DM, HIV and HPT 704 (9%) 8.0 (6.8–10.1) 487 (8%) 217 (10%)  

T2DM and dyslipidaemia 23 (0%) 8.5 (6.8–10.4) 17 (0%) 6 (0%)  
aPrimary health care, bType two diabetes mellitus, cHuman Immunodeficiency Virus, dHypertension; †p-value for the chi-square test for sub-optimal vs optimal; ††p-

value for the Kruskal –Wallis test for median age by sub-optimal vs optimal; Significance level (p-value): *p < 0.05, **p < 0.01, ***p < 0.001.  
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 Survival analysis results 

Among the 695 study participants who had an optimal baseline HbA1c test result, and with one or more 

repeat HbA1c test result (Table 2.3), the median age was 61 years (IQR: 53–69). The overall median 

interval between HbA1c tests was 13 months (95% CI: 10 – 19) and was similar for those optimally (12 

months; 95% CI: 10 – 19) and sub-optimally controlled (13; 95% CI: 10 – 20) (Table 2.3). The median time 

between the first HbA1c test and the patient’s CCMDD enrolment date was three months before 

enrolment (95% CI: 13 months prior – 10 months post) (Table 2.3). The median number of HbA1c tests 

per patient was 2 (IQR: 2–2), with 2 as a minimum and 13 as a maximum. The median time in the study 

was 4.7 years for those who remained optimally controlled and was 3.2 years for those who became sub-

optimally controlled (Table 2.3). Of the 695 patients, 23 HbA1c tests were in the period of the level 4-5 

COVID-19 lockdown in South Africa (i.e. 27th March 2020–1 June 2020). The median time between test 

during the lockdown period was 11.8 (95% CI: 6.4–14.9) months versus 12.1(95% CI: 8.9–20.1) months 

in lesser level, or non-lockdown periods. 

Table 2.3: Descriptive characteristics of the T2DM CCMDD-enrolled participants with ≥1 repeat HbA1c 

test value available eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N =695). 
Characteristic Total 

(N=695) 

Sub-optimal event  

(N=242) 

Remained Optimal 

(N=453) 

Median Age (IQR) 61 (53– 69) 59 (51–68) 61 (54–69) 

Median HbA1c (%) 6.7  (6.1–7.3) 7.5 (7.2– 8.6) 6.3 (6.0–6.6) 

Median months between HbA1c tests (IQR) 13 (10–19) 13 (10–20) 12 (10–19) 

Median months between CCMDD enrolment date 

and baseline HbA1c test date (IQR) 

-3 (-13–10) 

 

-4 (-15–6) 

 

-2 (-13–11) 

 

Median number HbA1c tests (IQR; min-max) 2 (2–2; 2–13) 2 (2–2; 2–6) 2 (2–2; 2–13) 

Median analysis time in years (IQR; min-max) 4.7(3.8– 4.7; 0.4–4.7) 3.2(2.0–3.9; 0.4–4.7) 4.7(4.7–4.7; 4.7–4.7 ) 

Additionally, the majority attended primary healthcare facilities (71%; 496/695) and were prescribed 

monotherapy (70%; 484/695) (Table 2.4). The most common comorbidity was hypertension (71%; 

490/695), and 54% of the participants (377/695) having a T2DM-related complication of neuropathy or 

nephropathy (Table 2.4). 

Univariate Results 

Demographic Information 

The incidence rate for developing sub-optimal control over time was higher for male patients (155.04 per 

1000 person-years) than for female patients (127.17 per 1000 person-years), however, it was not 

significant (p = 0.12) (Table 2.4 and Figure 2.2). Age was also not significantly associated with 

developing sub-optimal glycaemic control (p = 0.32), with higher incidence rates for younger age groups 

(146.11 and 152.60 per 1000 person-years among those aged ≤ 39 years and those aged 40–59 years, 
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respectively); and lower incidence rates for those aged 60-79 years (128.22 per 1000 person-years) and 

those aged ≥ 80 years (88.58 per 1000 per years) (Table 2.4 and Figure 2.2).  

Diabetes Severity 

Patients attending PHC facilities had a significantly higher incidence rate of developing sub-optimal 

control (152.53 per 1000 person-years), compared to those attending hospital facilities (105.35 per 1000 

person-years; p = 0.03) (Table 2.4 and Figure 2.2). Compared to patients with no reported diabetes-related 

complications, patients with nephropathy and neuropathy had a lower incidence of sub-optimal control 

(128.95 versus 146.38 per 1000 person-years; p = 0.35) (Table 2.4 and Figure 2.2). Patients on dual-

therapy had a significantly higher incidence of sub-optimal glycaemic control, at 184.33 per 1000 person-

years, compared to those who only used one oral medication at 118.15 per 1000 person-years (p = 0.00) 

(Table 2.4 and Figure 2.2).  

Quality of Care 

The incidence rate of sub-optimal glycaemic control was significantly higher for those who did not have a 

follow-up HbA1c test within SEMDSA-recommended guidelines (i.e. within three months for those sub-

optimally controlled and within six monthly for those optimally controlled) (143.98 per 1000 person-

years) compared to those who did have a follow-up test within the SEMDSA-recommended time frame 

(59.86 per 1000 person-years, p = 0.01) (Table 2.4 and Figure 2.2). Those enrolled in the CCMDD 

between 7–12 months had lower incidence rates of sub-optimal control than those enrolled for < 7 or > 12 

months, however, this was not a significant finding (p = 0.75). 

Comorbidities 

Patients with T2DM alone and with HPT comorbidity had lower incidence rates (128.50 and 133.66 per 

1000 person-years, respectively), than those with multimorbidity (i.e., T2DM, HPT, and HIV), and those 

with HIV comorbidity (155.91 and 157.86 per 1000 person-years, respectively). However, these results 

were not statistically significant (p = 0.83) (Table 2.4 and Figure 2.2). 
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Table 2.4 Univariate survival analysis (Kaplan-Meier and log-rank test values) across potential predictor’s strata for the Central Chronic 

Medicines Dispensing and Distribution programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N=695). 

Characteristic Number 

of cases 

Number of sub-

optimal events 

Time at risk 

(years) 

Incidence rate of sub-optimal glycaemic 

control per 1000 person-years (95% CI) 

25th percentile of 

survival time (years)† 

p-value 

Sex 0.1217§ 

Male  248 95 612.73 155.04 (126.80–189.58) 2.61  

Female 447 147 1 155.89 127.17 (108.19–149.49) 3.16  

Age 0.3238 

17–39 years 24 10 68.44 146.11 (78.61–271.55) 3.62  

40–59 years 298 113 740.70 152.60 (126.87–183.45) 2.69  

60–79 years 333 110 857.87 128.22 (106.37–154.57) 2.86  

≥ 80 years 40 9 101.60 88.58 (46.09–170.25) 3.53  

Type of facility 0.0257*§ 

PHC facilitya 496 180 1180.09 152.53 (131.80–176.52) 2.91  

Hospital 199 62 588.52 105.35 (82.13–135.12) 3.03  

T2DM-related complication 0.3447 

Nephropathy or neuropathy 377 125 969.34 128.95 (108.22–153.66) 2.71  

None recorded 318 117 799.27 146.38 (122.12–175.46) 3.18  

Type of therapy 0.0006**§ 

Monotherapy 484 150 1269.52 118.15 (100.68–138.66) 3.41  

Dual-therapy 211 92 499.10 184.33 (150.27–226.12 2.12  

Comorbidity 0.8315 

T2DMb alone 86 28 217.91 128.50 (88.72–186.10) 3.18  

T2DM and HIVc 39 16 101.36 157.86 (96.71–257.67) 1.92  

T2DM and HPTd 490 168 1256.94 133.66 (114.90–155.48) 2.88  

T2DM, HIV and HPT 80 30 192.41 155.91 (109.01–222.99) 3.34  

Months enrolled in CCMDD 0.7485 

≤ 6 months  230 79 609.44 129.63 (103.98–161.61) 2.74  

7–12 months 69 23 180.80 127.21 (84.54–191.43) 3.60  

≥ 13 months 388 138 957.67 144.10 (121.96–170.26) 2.71  

HbA1c testing frequency adheres to SEMDSA  guideline‡ 0.0064**§ 

Yes 63 9 150.34 59.86 (31.15–115.05) 4.44  

No 632 233 1 618.28 143.98 (126.63–163.71) 2.86  

Total 695 242 1768.62 136.83 2.88  
aPrimary health care, bType two diabetes mellitus, cHuman Immunodeficiency Virus, dHypertension; eCentral Chronic Medicines Dispensing and Distribution; †The 

analysis time where 25% of subjects have become sub-optimally controlled and 75% remain optimally controlled. ‡SEMDSA clinical care guidelines recommend three 

months between HbA1c tests for those sub-optimally controlled, and six months between tests for those optimally controlled; Significance level (p-value): *p < 0.05, **p < 

0.01, ***p < 0.001; § Log-rank test of equality across strata, with p-values below 0.25 for the predictors, will be included as potential candidates for the final Cox model.
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Figure 2.2: Kaplan-Meier survival curves for the probability of maintaining optimal 

glycaemic control, by potential predictors, for the Central Chronic Medicines Dispensing 

and Distribution programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th 

Dec 2021 (N=695). 

Multivariable Regression Results 

Predictors from the Log-rank test of equality, with p-values below 0.25, were sex, facility 

type, type of therapy, and adherence to SEMDSA guidelines for HbA1c testing frequency, 

and were included in the final model. 

Demographic Information 

When holding other variables constant, male patients had a 21 times higher hazard than 

female patients for developing suboptimal control over the study period (p = 0.14) (Table 2.5). 

Diabetes Severity 

The adjusted hazard for those attending hospitals, in the main effects model, was 45% higher 

than those attending PHCs (p = 0.26). However, on treating facility type as a time-varying 

covariate, by interacting its effect with the natural log of time, this hazard decreases by 50% 

for each unit increase in the natural log of time (p = 0.03). Thus, the combined effect is that of 

a 27% reduction in risk of developing sub-optimal control for those attending hospitals 

compared to those attending PHC facilities over the study period. The adjusted hazard for 

those using dual-therapy was 50 times higher than the hazard among those using 

monotherapy (p = 0.00) (Table 2.5). 
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Quality of Care 

Patients who had their HbA1c tests according to the SEMDSA-recommended guidelines (i.e. 

within three months for those sub-optimally controlled and within six monthly for those 

optimally controlled) had an adjusted hazard 54% lower than the hazard for those whose 

HbA1c test did not adhere to the SEMDSA guidelines (p = 0.02) (Table 2.5). 

Table 2.5: Multivariable Cox regression model for factors associated with developing sub-

optimal glycaemic control for the Central Chronic Medicines Dispensing and Distribution 

programme cohort, eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021(N=695). 

Characteristic Co-efficient (95% CI) Adjusted Hazard ratio 

(95% CI) 

 p-value 

 Main model 

Sex     

Male  0.194 (-0.064–0.453) 1.214 (0.938–1.572)  0.141 

Female 1 1   

Facility type     

PHC 1 1   

Hospital 0.372 (-0.276–1.020) 1.450 (0.759–2.771)  0.261 

Type of therapy     

Monotherapy 1 1   

Dual-therapy 0.407 (0.147–0.668) 1.503 (1.158–1.950)  0.002** 

HbA1c testing frequency 

adheres to SEMDSA guideline† 

    

Yes -0.770 (-1.441– -0.100) 0.463 (0.237–0.905)  0.024* 

No 1 1   

 Time-varying coefficient model 

Facility type x ln(t)     

PHC 1 1   

Hospital -0.690 (-1.313– -0.065) 0.502 (0.269–0.937)  0.031* 
†SEMDSA clinical care guidelines recommend three months between HbA1c tests for those sub-optimally 

controlled, and six months between tests for those optimally controlled; Significance level (p-value): *p < 0.05, 
**p < 0.01, ***p < 0.001. 

DISCUSSION 

In this study, we aimed to determine the proportions of T2DM CCMDD-enrolled patients 

achieving optimal glycaemic control and factors associated with an increased hazard for 

developing sub-optimal control. We found that only 27% of CCMDD-enrolled patients in 

eThekwini had optimal glycaemic control at their first HbA1c test in the study period; and 

that those receiving dual therapy had an increased risk, while those who adhered to HbA1c 

testing frequency guidelines had a lower risk. Those attending hospitals initially had a higher 

hazard, however this effect decreased over time, resulting in a combined lower hazard 

compared to those attending PHC facilities. 

Our finding of 27% of CCMDD-enrolled patients in eThekwini, having optimal control at 

their baseline HbA1c test result, was similar to findings from a cross-sectional file audit at 

Tshwane PHC facilities, conducted in 2019, that revealed that only 29% of CCMDD-enrolled 
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patients had optimal glycaemic control.18 While our finding is congruent with this past study, 

we expected more patients to be optimally controlled at their HbA1c reading closest to 

CCMDD enrolment; as patients need to have achieved a stable condition (based on two 

consecutive normal FPG tests) to qualify for enrolment.12  

A reason for this discrepancy could be our study’s use of HbA1c to define glycaemic control 

versus the use of FPG by the CCMDD. We used HbA1c based on the IDF recommending 

HbA1c as the gold standard for monitoring glycaemic control.2 However, past studies have 

found HbA1c and FPG to be incongruent.7 The use of FPG, by the CCMDD, may be creating 

a false stable target group. 

An additional reason may be the time interval between the first available HbA1c test and the 

patient’s CCMDD enrolment date. The median interval was three months, making it valid, as 

a baseline measure. However, there was wide variation in the timing of the HbA1c test 

relative to the CCMDD enrolment date (95% CI: 13 months prior – 10 months’ post). 

Nevertheless, our finding is concerning and highlights an unmet need in the care cascade, that 

must be addressed to meet targets set out in SA’s NSP (i.e. 50% of those receiving treatment 

achieving glycaemic control by 2030).9 

We also found that adherence to the SEMDSA guidelines for HbA1c testing frequency was 

poor in this cohort. Firstly, over the three-year study period, 81% of T2DM patients had no 

HbA1c tests performed. Secondly, when looking at those optimally controlled at their first 

reading, 32% (695/2 147) of patients had a repeat test/s performed in the study period. This 

finding, is in agreement with a study of NHLS HbA1c data, from GP (2015 – 2018), where 

21% of patients with a first-ever HbA1c test in the NHLS, who were optimally controlled, 

had a follow-up result/s over their four-year study period.19 These results are concerning as 

the STG for T2DM recommends that patients receive a HbA1c test annually, or 6 monthly 

when changes are made to medications prescribed. It is worth noting, that 33% (230/695) of 

the cohort, were enrolled in the CCMDD for ≤ 6 months. However, due to the 6-month 

window we included for HbA1c tests performed on either side of the study period, it is 

unlikely that many repeat tests were missed.  

Thirdly, for those with repeat tests, the median interval between tests was 12 months for 

those that were optimally controlled and 13 months for those who were sub-optimally 

controlled. This is not aligned with the SEMDSA guidelines of 6 months for those optimally 
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controlled, and 3 months for those sub-optimally controlled.3 It is noteworthy that the 

CCMDD changed its activities during the COVID-19 pandemic, so that prescription 

collections were extended from two-monthly to three-monthly, and clinic visits were 

extended from six-monthly to annually.20 We hypothesized that the resultant extended time 

between clinical check-ups may have contributed to the longer interval between HbA1c tests 

over this lockdown period, however our results revealed similar time intervals between tests 

in periods of higher (i.e. level 4-5) lockdowns and periods with lower levels of lock down 

(i.e. levels 0-3). 

Lastly, adherence to SEMDSA guidelines was significantly protective against developing 

sub-optimal control in those who began optimally controlled (aHR = 0.463, 95% CI: 0.237 – 

0.905, p-value = 0.024). Correspondingly, adherence to HbA1c testing guidelines for T2DM 

patients has been demonstrated internationally. An Australian study, monitoring longitudinal 

HbA1c values in T2DM patients visiting a general practitioner (2013 – 2018), found that 

adherence to the Australian guidelines for HbA1c testing intervals, which are in line with the 

SEMDSA guidelines, resulted in patients remaining controlled over time. While low 

adherence to guidelines resulted in increased HbA1c readings, sub-optimal glycaemic 

control, and higher risk for chronic kidney disease.21 Similarly, a United Kingdom (UK) 

study compared glycaemic control in patients receiving three-monthly testing to those 

receiving annual testing, using data from clinical laboratories, and determined that three-

monthly testing was associated with a 3.8% reduction in HbA1c versus annual testing that 

resulted in a 1.5% increase in HbA1c.22  

This finding demonstrates that despite the policies for care being in place, the recommended 

policy is not being sufficiently implemented within the CCMDD cohort. While bi-annual 

clinical follow-ups are appropriate and fall within SEMDSA guidelines, for those who are 

optimally controlled, it is not appropriate for those who are sub-optimally controlled. These 

patients require intensification of their clinical visits and HbA1c testing to at least as 

frequently as every three months. As it stands, many opportunities to intervene, educate and 

improve glycaemic control and T2DM-related health outcomes for PLWT2DM in eThekwini, 

are being missed. 

We also found that patients who were prescribed dual-therapy were more vulnerable to 

developing sub-optimal control. This concurs with results obtained in a study on the 

determinants of glycaemic control for PLWT2DM in Lebanon, where those using dual-
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therapy compared to monotherapy, had twice the odds of being uncontrolled (OR 2.35, 95% 

CI 1.58–3.50).23 This result could be attributed to dual-therapy being used only for patients 

who failed to attain optimal glycaemic control with metformin alone. As such, this group may 

reflect individuals with higher rates of past failures or vulnerabilities to achieving glycaemic 

control, before obtaining a stable status for CCMDD enrolment.  

Moreover, we found an increased rate of developing sub-optimal control over time, for those 

attending PHC facilities compared to those attending hospitals. This result agrees with a 

study of NHLS HbA1c data, from GP, between 2015 and 2018, where those with sub-optimal 

glycaemic control, who attended hospitals had a higher likelihood of achieving optimal 

control, than those attending PHC facilities.19 This may be explained by reports from PHC 

facilities of under-resourcing,24–27 lack of equipment,27 lack of infrastructure,26,27 and poor 

willingness of healthcare providers to adapt and integrate diabetes care into their service 

provision.26  

Recommendations:  

To address the high proportion of sub-optimally controlled patients enrolled in the CCMDD, 

we recommend that the CCMDD consider amending their enrolment criterion to two 

consecutive HbA1c tests, rather than FPG tests. Additionally, including a self-efficacy score 

as an additional enrolment criterion may improve survival rates, especially among those 

receiving dual-therapy to manage their conditions. These recommendations agree with 

recommendations made by Ngassa Piotie et. al. (2019) following their Tshwane PHC 

facilities file audit of CCMDD-enrolled patients.18 Future studies may also consider 

comparing glycaemic control for a CCMDD cohort using both FPG and HbA1c test results. 

We also recommend that a feedback loop needs to exist, between the CCMDD and either the 

NHLS or the patient’s clinical results at facility-level, so they can monitor the enrolled 

patient’s HbA1c. In this way, patients who change state from optimal to sub-optimal can be 

flagged to exit the programme. This is critical in the context of diabetes, which is a 

progressive disease by nature. As the disease progresses, medication management (i.e. adding 

insulin to the regime) and the prevention/management of T2DM-related comorbidities must 

be escalated accordingly. If there is no feedback of glycaemic control status to the 

programme, clinical and patient inertia may well be compounded for enrolled patients that 

become sub-optimally controlled.  
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Additionally, in South Africa’s resource-constrained public health sector, we recommend that 

the programme consider more frequent HbA1c monitoring of their patients using community 

health workers,28–30 T2DM education/support groups within communities,31 or mobile health 

(mHealth) technology (e.g. for patients waiting in CCMDD ques) and innovations to support 

self-management.32 In fact, our results suggest that CCMDD-enrolled patients may be better 

managed if point of care (PoC) testing (i.e. HbA1c or FPG) and management is built into the 

programme at the pick-up points, rather than at already over-burdened facilities. Such 

community-based interventions would offload already overburdened PHC facilities. These 

approaches are aligned with existing policies in South Africa, such as the Primary Health 

Care Re-engineering policy and Integrated Chronic Disease Management approach. These 

policies seek to mobilise, build on existing skills, and extend the scope of practice for 

community health workers, historically used for HIV/AIDS home-based management, to 

deliver NCD services, such as screening and patient-education.28,33 Local and international 

reports indicate that savings incurred from treating T2DM complications would offset costs 

to implement such programmes34–36; however, this would require a detailed cost-benefit 

analysis of each recommended approach.  

Furthermore, healthcare workers should be trained in the guidelines for care for PLWT2DM, 

with an emphasis on the critical nature of achieving stable, optimal glycaemic control for this 

population. Previous studies have revealed that knowledge of the SEMDSA and STG 

guidelines among healthcare workers in PHC facilities is poor.24  

Additionally, to determine why so few HbA1c tests were performed for the CCMDD cohort, 

over the study period, facility-based audits and further qualitative studies are needed to 

establish if barriers to care exist for HbA1c testing at eThekwini hospitals and PHC facilities, 

alike. Additionally, future studies should consider matching HbA1c results using more 

advanced probabilistic matching techniques. As the CCMDD does not dispense insulin, the 

insulin-using PLWT2DM population in eThekwini are not represented in this study. We 

would recommend further studies to determine the unmet need in the cascades of care for 

important portion of the population of PLWT2DM.  

Study limitations and strengths 

There were some limitations to consider in this study. There were limited HbA1c test results 

available in the CDW for the study time period, thus the survival analysis results may need to 
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be interpreted with caution. Also, information on factors known to be associated with sub-

optimal control in PLWT2DM was not available in either dataset. As a result, race, other 

comorbid conditions (i.e. tuberculosis), obesity measures (weight, height, BMI), lifestyle 

factors (i.e. smoking, alcohol use, diet, physical activity indices), self-efficacy and 

socioeconomic factors were not included. Notably, as diabetes is a progressive condition, 

duration of diabetes (rather than age) is an important predictor for sub-optimal control, and 

the development of T2DM-related complications, however, it was not available in either data 

source. These unavailable variables may represent unaccounted for confounding or 

modifying effects, which may have distorted our results. 

Despite these limitations, our study’s strengths were using retrospective data from T2DM 

patients spread across 13 hospitals and 107 PHC facilities in eThekwini, thus suggesting a 

good representation of the general CCMDD-enrolled population in eThekwini. This was also 

the first study of CCMDD-enrolled patients in eThekwini. Despite the CCMDD being a large 

public health programme, this was the first time CCMDD-enrolled patients were linked to 

their clinical HbA1c results, to monitor and evaluate glycaemic control over time. 

CONCLUSIONS 

While the CCMDD is invaluable in improving access to medication for PLWT2DM, this 

study, can alert policy-makers, within the NDoH and CCMDD, that significant barriers to 

care still exist, as the majority of CCMDD patients are not achieving optimal glycaemic 

control. Addressing pertinent issues, such as reassessing enrolment criteria and creating exit 

criteria for those who become sub-optimally controlled, are critical. In order to flag sub-

optimal cases, a mechanism needs to be established for the frequent feedback of HbA1c 

values into the CCMDD. Furthermore, in South Africa’s resource-constrained public health 

environment, innovative technology and community-based interventions are needed to 

increase HbA1c testing frequency, to align to SEMDSA guidelines, for this cohort. 
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CHAPTER 3 ─ EXTENDED METHODS 

3.1 INTRODUCTION 

This chapter will describe the approaches used to determine sub-optimal glycaemic control over 

time, among T2DM patients enrolled in a chronic medication dispensing and distribution 

programme, from 2018 to 2021. The study setting, the district of eThekwini in KZN, is described. 

The study participants (i.e. all patients captured in the eThekwini CCMDD) and eligibility criteria 

for the descriptive and survival analyses components are discussed. The CCMDD and NHLS data 

sources are described, as are the variables that we extracted from each data set. Data management 

and analysis will be discussed in detail. Lastly, ethical guidelines followed and ethical issues will 

be considered.  

3.2 STUDY DESIGN 

We conducted a retrospective cohort study using secondary data from CCMDD and NHLS data 

sources.     

3.3 STUDY SETTING 

The study took place in the district of eThekwini in KZN, South Africa. Figure 3.1 shows 

eThekwini’s geographical location within KZN. In 2019, eThekwini had a population of 3 987 

648 and accounted for 34.7% of the KZN population (59). In terms of the demographic 

composition, 51% of the population is female and 55% of the population are of working age 

(between 20 – 59 years of age), with 8% of the population being over 60 years of age (59). 

Furthermore, in terms of ethnicity, 74% of the population are Black Africans, 18% are Indian, 6% 

are White and 2% are Coloured (59). eThekwini contains eight community health clinics (CHCs), 

106 clinics, three district hospitals, one tertiary hospital, four specialized hospitals, and five 

regional hospitals (59). There are 220 approved external chronic medication PuPs located within 

the eThekwini community (59). 
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Figure 3.1: Map of South African Provinces, KwaZulu-Natal districts and the eThekwini sub-

districts (60) 

3.4 PARTICIPANTS 

The study population included all T2DM adult patients (male and female) aged over 18 years 

enrolled in the eThekwini CCMDD database, between 19th April 2018 and 30th December 2021 

(Figure 3.2).  

3.4.1 Eligibility Criteria 

As this was a retrospective study, involving longitudinal data collected from the CCMDD, and 

NHLS CDW laboratory data, no sampling was performed for this analysis. The following 

eligibility criteria were used: 

• T2DM patients aged more than 18 years, enrolled in the CCMDD and receiving oral 

hypoglycaemic medication, in eThekwini, KZN province between 19th April 2018 and 

30th December 2021. 
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• At least one HbA1c test recorded in CDW between 19th October 2017 and 30th June 2022 (i.e. 

a six-month window on either side of the CCMDD enrolment date range). 

3.4.2 Exclusion criteria 

• Patients in the CCMDD extract who were not receiving oral hypoglycaemic medication were 

excluded (Figure 3.2). 

• For objective 1 patients without any HbA1c tests available in the study period were excluded 

(Figure 3.2). 

• For objective two and three, all those without follow-up HbA1c tests were excluded (Figure 

3.2).  

• For the survival analysis in objective four, all those not optimally controlled at the HbA1c 

measure closest to CCMDD enrolment date, were excluded. Furthermore, all those without 

follow-up HbA1c tests were excluded (Figure 3.2).  

 
Figure 3.2: Study participants and selection criteria per objective for the Central Chronic 

Medicines Dispensing and Distribution programme cohort, eThekwini, South Africa 
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3.5 DATA SOURCES 

The CCMDD dataset contains demographic information on T2DM patients that have a stable 

condition (FPG < 7mmol/L for 2 consecutive readings) for the eThekwini cohort between 2018 – 

2021. However, glycaemic control (HbA1c), cholesterol measures (i.e. LDL) and the time 

interval between HbA1c measures are not recorded. The NHLS serves all nine provinces of South 

Africa and provides laboratory services to 80% of the population served under the public health 

system at the national and provincial levels (61). NHLS is the sole provider of HbA1c tests in the 

South African Public sector. The results of all glycaemic control tests ordered through the 

network of laboratories are electronically fed to and housed in the CDW. Data for the present 

study in eThekwini, was obtained from NHLS for the period from 18th October 2017 – 30th June 

2022. It was used to supplement CCMDD information for HbA1c clinical measures, by merging 

the datasets. 

3.6 DATA MANAGEMENT AND VARIABLES 

Data was provided by the CCMDD as an Excel spreadsheet and exported to STATA version 17 

for cleaning and analysis. The data was checked for errors, inconsistencies, outliers, and missing 

data. Any duplicate participants and duplicate observations per participant, were identified and 

removed.  

3.6.1 Merging variables 

We extracted demographic information (name, ID, or file number identifier), to allow for the 

merging of data, for T2DM patients enrolled in the CCMDD in eThekwini. The data was sent to a 

key person within NHLS, to retrieve all HbA1c and LDL tests for each patient in the CCMDD 

cohort from 2017. We allowed a six-month window, for the HbA1c reading from the clinical visit 

preceding the patient’s first encounter with the CCMDD, to be included. Once extracted by 

NHLS data managers, the primary investigator cleaned both datasets, reshaped the CCMDD data 

to a wide format, and merged each patient in the CCMDD data set to their HbA1c results, using a 

unique patient ID (Appendix 10). The data was then de-identified. The variables for HbA1c test 

date, the HbA1c result, and the unique patient ID, were used to determine a duplicate 

observation. Data variables were unstrung and formatted as numerical, date values or encode as 

categorical variables, as was appropriate. 
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3.6.2 Glycaemic Control 

We used the continuous HbA1c value for descriptive analysis. We also used it to create a binary 

variable for optimal and sub-optimal control, for the outcome variable of the survival analysis. 

This study defined glycaemic control as optimal if the HbA1c reading was 7% or less and as sub-

optimal for values above 7%. This is per the 2017 Society for Endocrinology, Metabolism and 

Diabetes of South Africa (SEMDSA) guidelines and the 2020 South African Standard Treatment 

Guidelines (STG) (4,16,17). Both recommend using HbA1c as a monitoring tool as it captures 

glycaemic control over two to three months (4,16,17).  

For those CCMDD-enrolled patients with an available HbA1c test result, the baseline HbA1c was 

the first recorded reading within the study period. For those CCMDD-enrolled patients with a 

follow-up HbA1c test result available, both the first and the last recorded readings were used. For 

the survival analysis, only those optimally controlled at their first reading in the study period 

were used, and time-to-failure was calculated for the first change of status to sub-optimal control.  

We also created a categorical variable from the HbA1c value, where values less than or equal to 

7% were optimal, and sub-optimal values were further sub-catagorised as 7.1 – 8.9% (poor but 

acceptable), 9 – 11.9% (very poor- at higher risk for T2DM-related complications and need to 

reassess management), and 12% or more (very poor and at an even greater risk for T2DM-related 

complications).   

3.6.3 Demographic Information 

We created recoded a sex variable using the sex variable from the CCMDD dataset. Age was 

calculated, using the “datediff” command in Stata. As age was time-varying for each HbA1c test, 

we subtracted the HbA1c sample collection date for the relevant test (sourced from the NHLS 

data), from the patient’s date of birth (sourced from the CCMDD data) for each HbA1c test result 

entry in the line list by unique ID. Once calculated, we catagorised age in years, in four levels, as 

follows: 18–39, 40–59, 60–79 and 80 or over. We used these categories as the age data was 

skewed and we suspected nonlinearity. We included the categories 18–39 and 80 or over, despite 

the relatively fewer values to isolate the aberrant values in these categories. 
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3.6.4 Intermediate targets for cardiac health 

The SEMDSA guidelines include measures for cardiovascular risk factors, such as dyslipidemia, 

as T2DM is an additional risk factor for macrovascular complications causing coronary artery 

disease (CAD) (4). Clinical data for LDL cholesterol was used as a measure for dyslipidemia (4). 

We recoded LDL as optimally controlled if it was less than 1.8mmol/L or sub-optimally 

controlled if it was greater than or equal to 1.8mmol/L. We extracted LDL measures from the 

NHLS merge, however, there were only five measures in total extracted from the NHLS, and as 

such, we dropped this component from the analysis.  

3.6.5 Diabetes severity 

Data on the type of treatment, facility type and diabetes-related complications were extracted. 

Information on medications used to achieve glycaemic control was extracted from the CCMDD 

data. Metformin is initially used alone. Dual oral therapy is when a second medication (e.g., 

sulphonylurea) is added for those not achieving targets on monotherapy (1,4,16). Notably, 

patients taking insulin, with more progressive disease, were not included in the CCMDD 

programme, due to cold-chain procedures and insulin-users requiring monthly clinical review for 

titration (62). Since the patient's prescriptions for oral hypoglycaemic medications changed over 

time, we used the following coding strategy. If the patient used two oral hypoglycaemic 

medications (dual-therapy) at any point over the study period, or changed from monotherapy (i.e. 

one oral hypoglycaemic medication) to dual-therapy, they were placed in the dual-therapy 

category. Those that only ever used one oral hypoglycaemic agent were placed in the 

monotherapy category. While not within the recommendations, some patients were receiving 

three oral hypoglycaemic agents to manage their diabetes in a script. These patients were 

catagorised as triple-therapy.  

The facility name was extracted from the CCMDD data. We used the “strops” command in Stata, 

to identify facilities that were hospitals, and those that were PHC facilities (i.e. clinics or CHCs), 

based on the facility name. We created a binomial variable for facility type, with two levels, 

namely hospital or PHC facility.  We assumed more complex cases were managed at hospital-

level, and that less complex cases would be managed at PHC-level.  
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T2DM-related complications, in terms of the development of diabetic neuropathy or nephropathy, 

were extracted, from the CCMDD data. We created a binomial variable, indicating if there were 

no recorded complication, or if there was a recorded complication (i.e. neuropathy or 

nephropathy). We assumed that T2DM-related complications were linked to poorer glycaemic 

control. As the study period was over three years, and T2DM-related complications and facility 

type did not vary over time, we used the baseline category in our coding strategy. 

3.6.6 Quality of Care 

We measured the quality of care by extracting the median interval between HbA1c tests, as well 

as the median duration of enrolment in the CCMDD programme. For those with stable glycaemic 

levels, HbA1c is recommended to be monitored six monthly (SEMDSA guideline) or annually 

(STG/EML guideline) (4,16,17). For those who are not in the target range or who have had a 

change in their T2DM management, monitoring is recommended three to six-monthly in the STG 

and three-monthly in the SEMDSA (4,16,17). As those enrolled in CCMDD only attend the 

clinic bi-annually, rather than monthly, we were interested to see if these guidelines for care were 

being adhered to. As such, we calculated adherence to the guidelines for each patient by 

calculating the time between each HbA1c test and the test that preceded it with the Stata 

“datediff” command. If the preceding test was optimal, we used an interval of six months or less 

to define adherence and an interval of more than six months to define non-adherence. If the 

preceding test was sub-optimal, we used an interval of three months or less to define adherence 

and an interval of more than three months to define non-adherence. We then summed tests that 

adhered to the recommended time interval for each patient, and divided this by the number of 

tests per patient minus the first test (i.e. N - 1). We subtracted the first test as it did not have a test 

preceding it. We considered a proportion of 1 as the patients adhering to the guideline for all of 

their tests (e.g. if a patient had three HbA1c tests, and two adhered to the recommended time 

interval, then their adherence rate was 2/ (3 - 1) = 1). Thus, the adherence variable was binomial.  

Furthermore, the “datediff” command was also used to determine the time each patient was 

enrolled in the programme. We used data extracted from the CCMDD to subtract the first 

prescription date from the last prescription date in the study period. This was then used, to create 

a categorical variable.  
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3.6.7 Comorbidities 

We extracted the first and last medication prescriptions for each patient from the CCMDD. As 

medications used to treat T2DM, HPT, hyperlipidaemia and HIV are condition-specific, we used 

them to create the comorbidity variable. Comorbidity included T2DM alone, T2DM with HIV, 

T2DM with HPT, or multimorbidity (T2DM with both HIV and HPT). Comorbidities did not 

vary much over the course of the study, due to the short study period, so we used a coding 

strategy where if a patient had the comorbidity at baseline, they were included in that category. 

3.7 STATISTICAL METHODS 

3.7.1 Descriptive analysis methods for the CCMDD cohort at baseline  

Data from the CCMDD, describing the cohort was merged with laboratory data for HbA1c from 

the NHLS. Data was analysed using Stata17. For those that had a least one HbA1c value, in the 

study period, median HbA1c values were compared across each descriptive variable. HbA1c 

values were non-normally distributed on statistical (sktest and swilk) and graphical tests, and 

were not able to be transformed, and are thus presented as medians with an interquartile range 

(IQR). Bivariable analysis between HbA1c glycaemic control category, and each variable, was 

performed using the Chi-square test. Data with a normal distribution are presented as means 

(±SD) and non-normal data are presented as medians (IQR). A confidence interval (CI) of 95% 

and a significance level of 0.05 was used with p < 0.05 considered statistically significant for all 

tests.  

3.7.2 Descriptive and bivariable analysis methods for CCMDD-enrolled patients with a 

follow-up HbA1c value available 

A comparison of the initial HbA1c reading, with a subsequent follow-up estimation, was made 

for those, for whom, at least two HbA1c readings were available within the study period. Both 

the first and last available reading in the study period, were described by frequency and 

proportion of the distribution of HbA1c values (in fulfillment of objectives one and two). Median 

HbA1c values were compared across each descriptive variable. HbA1c values were non-normally 

distributed, and were not able to be transformed. As such they are presented as medians. 

Bivariable analysis between HbA1c glycaemic control category, and each variable, was 

performed using the Chi-square test. Data with a normal distribution are presented as means 
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(±SD) and non-normal data are presented as medians (IQR). A  95% CI and a significance level 

of 0.05 was used with p < 0.05 considered statistically significant for all tests. Correlations and 

odds ratios (ORs) between sub-optimal glycaemic control at the first and last HbA1c test and 

intervening variables were tested, using bivariable logistic regression analysis (in fulfillment of 

objective three). 

3.7.3 Survival analysis methods 

Survival analysis was performed in fulfillment of objective four. Observations who did not have a 

sub-optimal HbA1c event over the study period, were right censored. The outcome of interest 

was years until the event of sub-optimal glycaemic control occurred. It was generated by using 

the date of the first failure event (i.e. suboptimal glycaemic control), for those who had a failure 

event in the study period, and for those right-censored, the last date of the study period was used 

(i.e. 30 June 2022).  

Univariate analysis was performed, using Kaplan-Meier curves to analyse categorical variables, 

and univariate Cox proportional hazards regression was used for continuous variables (63,64). 

The log-rank test was used to compare survival curves across strata of categorical variables 

(63,64). We also calculated failure rate by period (e.g. 1st January 2018–1st January 2019) by 

diving the number of failures in a time period (e.g. 1st January 2018–1st January 2019), by the 

person-time (years) from the same time period (e.g. 1st January 2018–1st January 2019). We 

present the result as failure rate per 1000 person years, by multiplying the above failure rate by 1 

000. 

Variables were considered for use in the multivariable Cox model, if they had a p-value less than 

0.25 (65). All variables, included in the final model, were considered as potential interaction 

terms. Interaction terms were added, one at a time, however, as no interaction terms had a 

significant p-value, none were included in the final model. The assumption of proportionality was 

tested, by using the global proportional hazards (PH) test and by including time-varying co-

variates (63,64). The assumption of proportional hazards was not upheld on the global PH test. 

As such, an extended Cox model was built by interacting the time-varying coefficients with the 

natural log of time (63,64). Cox-Snell residuals were used to determine the goodness-of-fit of the 

models (65).  
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3.8 ETHICS 

Ethical approval (Appendix 3–Appendix 5) was applied for and obtained through the University 

of the Witwatersrand’s Human Research Ethics Committee (HREC; no. M220232). Data access 

permissions were obtained from the NDoH, CCMDD, and NHLS gatekeepers (Appendix 6–

Appendix 8). Once data sets were merged and duplicate participants were identified, all 

identifiers were removed and stored separately to the working spreadsheet, in a password-

protected file, and on a password-protected laptop. 
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CHAPTER 4 ─ EXTENDED RESULTS 

4.1 INTRODUCTION 

In this chapter, we present the results on the proportions of optimal glycaemic control for those 

who had a baseline and follow-up HbA1c test value available (objectives one and two); as well 

as, the results for the factors associated with sub-optimal control at patient’s baseline and the last 

HbA1c tests in the study period (objective three). The results from the descriptive analysis of the 

CCMDD cohort with one HbA1c test available in the study period, as well as from the survival 

analysis (objective four), are found in the submissible format article in Chapter 2. Extended 

results from the survival analysis (objective 4), that were beyond the scope of the submissible 

article, are also presented in this chapter. 

4.2 DESCRIPTIVE DATA FOR THE COHORT 

Among the 2 622 study participants with more than one repeat HbA1c test/s (Appendix 11), most 

were aged between 40–59 years (49%; 1 286/2 622) and were female (68%; 1 772/2 622). 

Additionally, the majority attended primary healthcare facilities (70%;1 840/2 622) and were 

prescribed monotherapy (52%; 1 360/2 622). The most common comorbidity was hypertension 

(68%; 1 791/2 622), with 50% of the participants (1 320/2 622) having a T2DM-related 

complication of neuropathy or nephropathy 

4.3 OUTCOME DATA FOR THE COHORT 

A comparison of the first HbA1c test value to the last HbA1c test value for the 2 622 case-

patients with more than one test value available, showed minimal changes in glycaemic control 

status (Figure 4.1). At the first HbA1c test available, 26.5% (695/2 622) were optimally 

controlled, while 73.5% (1 927 /2 622) were sub-optimally controlled. At the last available 

HbA1c reading, 28% (744/2 622) were optimally controlled, and 72% (1 878/2 622) were sub-

optimally controlled, despite their enrolment in the programme. Notably, only five LDL readings 

were found in the NHLS CDW for the CCMDD patient list provided. As such this aspect was 

dropped for further analysis in this study. 
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Figure 4.1: Distribution of HbA1c values for the Central Chronic Medicines Dispensing and 

Distribution programme cohort, eThekwini, KZN, South Africa- 19th April 2018-30th Dec 2021 

(N = 2 622). 

Of the 695 who began optimally controlled, 35% (n = 242) changed their status to sub-optimal 

control over the study period. Of the 1 927 who began sub-optimally controlled, 15% (n = 288) 

changed their glycaemic status to optimal. 

4.4 BIVARIABLE RESULTS AT FIRST AND LAST READING 

Table 4.1 provides bivariable regression results, for each factor’s association to sub-optimal 

glycaemic control, for the cohort (N = 2 622) at both baseline and the last follow-up test available 

in the study period. Decreasing age and receiving dual versus monotherapy, were significantly 

positively associated with increased odds for sub-optimal glycaemic control at both baseline and 

last HbA1c tests in the study period. While havingT2DM-related complications (i.e. nephropathy 

or neuropathy) was associated with significantly decreased odds at both time points. Being 

female was only significantly associated with increased odds for sub-optimal control at the 

baseline. At the last HbA1c test, SEMDSA guideline adherence for HbA1c testing frequency, and 

longer CCMDD enrolment were associated with decreased odds for sub-optimal control. While 

attending a PHC facility versus a hospital was significantly associated to increased odds of 

developing sub-optimal glycaemic control. 

4.4.1 Demographic Information 

The odds of sub-optimal control among females was 22% (p = 0.032) and 13% (p = 0.171) higher 

than the odds for males, at baseline and follow-up, respectively (Table 4.1). Age was 
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significantly associated with sub-optimal glycaemic control at both baseline and follow-up. At 

baseline, when using those over 80 years as a reference group, those aged 39 years and under, 

those aged 40 – 59, and those aged 60 – 79 years had 3.8 (p = 0.000), 3.3 (p = 0.000) and 2.2 (p = 

0.000) times greater odds of being sub-optimally controlled (Table 4.1). Similarly, at the last 

follow-up HbA1c test available, those aged 39 and under, between 40 – 59, and between 60 – 79 

years had 2.9 (p = 0.000), 4.2 (p = 0.000) and 3.1 (p = 0.000) times greater odds of being sub-

optimal controlled (Table 4.1). The odds of sub-optimal control increased in all age groups, from 

baseline to follow-up, except for those ≤ 39 years of age.   

4.4.2 Diabetes Severity 

Patients attending PHC facilities were less likely to have sub-optimal control, compared to those 

attending hospitals, at baseline (OR: 0.93; p = 0.423), and more likely to have sub-optimal control 

at the last follow-up (OR: 1.23; p = 0.029) (Table 4.1). Compared to patients with no reported 

complications, patients with nephropathy or neuropathy had lower odds of sub-optimal control, at 

both baseline (OR: 0.81; p = 0.017) and last follow-up (OR: 0.82; p = 0.022) (Table 4.1). Patients 

who required dual-therapy to manage their conditions, had 2.7 (p = 0.000) and 2.4 (p = 0.000) 

times the odds of sub-optimal glycaemic control, at baseline and follow-up, respectively, 

compared to those who only used one oral medication (Table 4.1).  

4.4.3 Quality of Care 

At follow-up, patients who were tested at a frequency that did not adhere to SEMDSA-

recommended HbA1c testing frequency guidelines (i.e. three-monthly if sub-optimally controlled 

and six-monthly if optimally controlled); had 96% increased odds of having sub-optimal control, 

when compared to those who were tested according to SEMDSA-recommended guidelines (p = 

0.000) (Table 4.1). At last follow-up, those who were enrolled for seven to 12 months or more 

than 13 months, had 10% (p = 0.459) and 17% (p = 0.046) lower odds of sub-optimal control, 

when compared to those enrolled for less than six months (Table 4.1).    

4.4.4 Comorbidities 

At baseline, patients with comorbidity, were less likely to have sub-optimal control, compared to 

those with T2DM alone. However, only multimorbidity (HIV, HPT, and T2DM) and HPT 

comorbidity were significantly associated with sub-optimal control (p = 0.039 & p = 0.032), with 
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multimorbidity patients having 31% lower odds, and those with HPT comorbidity having 25% 

lower odds of being sub-optimally controlled (Table 4.1). At follow-up, multimorbidity and HPT 

comorbidity were still negatively associated with sub-optimal control (OR: 0.91; p = 0.577 & OR: 

0.86; p = 0.243), however having HIV with T2DM was positively associated with sub-optimal 

control (OR: 1.203; p = 0.401), when compared to those with T2DM alone (Table 4.1).  

Table 4.1: Correlates to sub-optimal glycaemic control at the first and last HbA1c follow-up test, 

among the Central Chronic Medicines Dispensing and Distribution programme cohort, 

eThekwini, KZN, South Africa: 19th April 2018-30th Dec 2021 (N = 2 622). 

 Baseline HbA1c test (N= 2 622)  Last follow-up HbA1c test (N= 2 622) 

 Bivariable Model Bivariable Model 

 OR† 95% CI‡ p-value OR† 95% CI‡ p-value 

Sex 

Male Ref   Ref   

Female 1.221 1.017 – 1.466 0.032* 1.134 0.947 – 1.357 0.171 

Age 

≤39 years  4.785 2.497 – 9.171 0.000*** 3.933 2.130 – 7.264 0.000*** 

40-59 years 4.278 2.630 – 6.959 0.000*** 5.153 3.390 – 7.834 0.000*** 

60-79 years 3.173 1.952 – 5.159 0.000*** 4.063 2.683 – 6.153 0.000*** 

≥ 80 years  Ref   Ref   

Type of facility 

PHCa facility 0.925 0. 764 – 1.120 0.423 1.226 1.021 – 1.472 0.029* 

Hospital Ref   Ref   

T2DM-related complication 

None Ref   Ref   

Complications 0.808 0. 679 – 0.962 0.017* 0.820 0.691 – 0.972 0.022* 

Type of therapy 

Mono-therapy Ref   Ref   

Dual-therapy 2.744 2.281 – 3.302 0.000*** 2.379 1.992 – 2.842 0.000*** 

Co-morbidity 

T2DMb alone Ref   Ref   

T2DM and HIVc 0.885 0.574 – 1.364 0.580 1.203 0.782 – 1.850 0.401 

T2DM and HPTd 0.751 0.579 – 0.975 0.032* 0.863 0.674 – 1.105 0.243 

T2DM, HIV and HPT 0.690 0.484 – 0.982 0.039* 0.906 0.642 – 1.281 0.577 

Months enrolled in CCMDD 

≤ 6 months Ref   Ref   

7-12 months - - - 0.897 0.672 – 1.197 0.459 

≥ 13 months - - - 0.828 0.688 – 0.997 0.046* 

HbA1c testing frequency adheres to SEMDSA  guideline§ 

Yes Ref   Ref   

No -   1.963 1.365 – 2.824 0.000*** 
†Odds ratio, ‡Confidence interval, aPrimary health care, bType two diabetes mellitus, cHuman Immunodeficiency 

Virus, dHypertension; §SEMDSA clinical care guidelines recommend three months between HbA1c tests for those 

sub-optimally controlled, and six months between tests for those optimally controlled; Significance level (p-value): 
*p < 0.05, **p < 0.01, ***p < 0.001.  
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4.5 EXTENDED RESULTS FROM THE SURVIVAL ANALYSIS 

4.5.1 Survival Analysis by Year 

The hazard for developing sub-optimal control was similar in 2018 – 2019 (failure rate: 152.02 per 

1000 person-years, 95% CI= 115.22–200.58) and 2020 – 2021 (failure rate: 156.82 per 1000 

person-years, 95% CI= 125.96–195.24) time periods and, was somewhat higher in the 2021 – 

2022 (failure rate: 162.96 per 1000 person-years, 95% CI= 124.81–212.78) time period. 

Comparatively, the 2019 – 2020 time period (failure rate: 112.67 per 1000 person-years, 95% CI= 

85.40 – 148.66) had a lower failure rate (Table 4.2 and Figure 4.2). Notably, the 2017 – 2018 

(failure rate: 51.79, 95% CI= 25.90 – 103.56) and 2021 – 2022 time periods only consisted of two 

and six months, respectively. The median time between tests in the level 4-5 lockdown periods 

(i.e. 27th March 2020–1 June 2020) was 11.8 (6.4–14.9) months versus 12.1(8.9–20.1) months in 

0-3 level lockdown periods. Similarly, the median HbA1c test value in the level 4-5 lockdown 

period was 6.4% (95% CI= 6–7.3) versus 6.7% (95% CI= 6.2–7.3) in levels 0-3 periods.  

   
Figure 4.2: Smoothed hazard (sub-optimal glycaemic control) rate estimates for the Central 

Chronic Medicines Dispensing and Distribution programme cohort, eThekwini, KZN, South 

Africa: 19th April 2018-30th Dec 2021 (NHLS window:18th October 2017 – 30th June 2022) (N = 

242); CI, Confidence interval
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CHAPTER 5 ─ CONCLUSION 

5.1 INTRODUCTION 

In this chapter we will discuss the results from our study’s descriptive analysis and survival 

analyses. In this study, we firstly aimed to determine whether adult T2DM CCMDD-enrolled 

patients, collecting chronic medication from community PuPs, were optimally controlled for their 

T2DM at enrolment into the CCMDD programme and at last HbA1c reading. Our results are 

presented and are placed in context using existing literature.  

Secondly, we aimed to determine which factors were associated with sub-optimal control and 

time to sub-optimal control, between 2018 and June 2021, in the eThekwini district, KwaZulu-

Natal. Our results are presented and are compared and contrasted to other relevant studies.  

We then reflected on our studies’ limitations and strengths. Finally, we made recommendations 

for the CCMDD, the NDoH and for future studies, based on our findings. 

5.2 DISCUSSION 

5.2.1 Descriptive analysis of HbA1c and LDL testing  

We found that of the cohort enrolled in the eThekwini CCMDD who received oral 

hypoglycaemic medications (41 145), between 2018 – 2021, the majority, 81% (33 185), had no 

HbA1c test available in the three-year study period. Similar results were found in an audit study 

conducted at a diabetes clinic in a KZN regional hospital (2011) and at PHC facilities in the 

Western Cape (2015 – 2020), where 76% and 70% of T2DM patients, respectively, had no 

HbA1c test in the preceding 12 months (66,67). This seems to indicate that HbA1c testing 

remains an issue, despite the existence of the SEMDSA guidelines for quality of care. 

We also found, that of those with an initial result available, only 33% (2 622/7 960) had a 

follow-up HbA1c test available in the NHLS, between the 18th October 2017 – 30th June 2022. 

Similarly, a study conducted in GP, between January 2015 to December 2018, found that 26% of 

patients with a first-ever HbA1c test in the NHLS, had follow-up results over their four-year 

study period (68). Only 24% of T2DM patients had a repeat HbA1c test available, in a 12 month 

review period, in a 2011 audit study in a KZN regional hospital (66). 
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Additionally, in our study, only 1.7% (695/41 145) of the CCMDD cohort receiving an oral 

hypoglycaemic agent, had an initial optimal glycaemic reading (at their reading closest to 

enrolment into the programme) and at least one follow-up test, to be included in the survival 

analysis.  

Furthermore, we found that the median time between HbA1c tests, for those who had at least one 

follow-up HbA1c reading, was 13 months (range: 10 – 19) for those optimally controlled and 12 

months (range: 8 – 19) for those sub-optimally controlled. We expected to find more frequent 

testing being performed, in line with the three-monthly or six-monthly testing as set out in the 

SEMDSA and STG guidelines, respectively (4,16). A similar finding was described by Kone et. 

al. for HbA1c testing in GP, where the median testing interval was reported as 11 months (95% 

CI: 5 – 16), whether the control status was optimal or sub-optimal (68).  

We had sought to assess LDL measures for this cohort, as LDL measures can be used as an 

intermediate target for cardiac health, as it is an additional risk factor for developing 

macrovascular complications causing coronary artery disease (CAD) in those with T2DM (4). 

However, despite the SEMDSA, recommending annual testing of LDL for PLWT2DM, there 

were only five measures in total extracted from the NHLS. As such, we had to drop this 

component from the analyses. While seemingly inexplicable, similar findings are not unheard of. 

A 2011 KZN regional hospital audit, of people attending a diabetes clinic, found that while 74% 

of T2DM patients had a total cholesterol test performed, no patients had LDL tests performed in 

the 12 months preceding the audit date (66).  

5.2.2 Proportions achieving optimal control at enrolment and at last recorded HbA1c test  

We estimated that of those receiving medication through the eThekwini CCMDD programme, 

with at least one HbA1c available, only 27% (2 147/ 7 960) had optimal glycaemic control at the 

HbA1c reading closest to CCMDD enrolment. Of those that had at least one follow-up HbA1c 

reading available, 27% (695/ 2 622) had optimal glycaemic control at their first available HbA1c 

test, with 28% (744/ 2 622) optimally controlled at their last available HbA1c test in the study 

period. This finding is of deep concern and pinpoints an unmet need at this level of the cascade 

of care. It will need to be addressed if the NDoH aims to meet the SA National strategic plan’s 

target of 50% of those receiving treatment to achieve glycaemic control by 2030 (39). 
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These results concur with a PHC facilities file audit, conducted in Tshwane in 2019, by Ngassa 

Piotie et al., which revealed that only 29% of patients enrolled in CCMDD had optimal 

glycaemic control (57). There has been one population-based study in South Africa, by Stokes et 

al. in 2017, using data extracted from the SANHANES (2011 – 2012), that estimated that of those 

treated, 51% had achieved optimal glycaemic control (48). This differs considerably from the 

findings in our study. Potentially, levels of sub-optimal control, among those receiving 

medication, have increased considerably over time, or the population of eThekwini may not be 

representative of South Africa as a whole. Also, the SANHANES survey included insulin-users 

and did not differentiate between type 1 and type 2 diabetes, as well as, including those aged 

over 15 years of age (69). 

However, our finding, of the proportion optimally controlled, fell within the range found in 

previous clinical audit studies (15.3% – 30.7%) across South African provinces (52–56,58). They 

consistently report small proportions of T2DM patients reaching glycaemic targets, across 

primary (i.e. 19.3% at Hillbrow Clinic in 2017 and 27% across Tshwane PHCs in 2015) and 

tertiary levels of care (i.e. 20.1% at Umtata General Hospital in 1999, 30.7% at GP academic 

hospitals in 2009, 15.4% in Port Shepstone Hospital in 2017, and 15.3% at Helen Joseph 

Hospital in 2020) (52–56,58).  

While our findings are congruent with these past studies, we expected levels of optimal control 

to be significantly higher in this cohort, as they had to have achieved a stable condition to be 

enrolled into the CCMDD programme. This discrepancy may be partially explained by this study 

defining optimal glycaemic control status using an HbA1c value of ≤ 7%, while the CCMDD 

defines a stable condition using a FPG value of < 7mmol/L (43). We chose to use HbA1c in this 

study as it is recommended as the gold standard for the monitoring of glycaemic control by the 

IDF (1), as it indicates glycaemic control over a few months (2,6). Whereas, FPG is a spot 

measure and is easily influenced by glucose intake before the reading. Studies have found that 

FPG and HbA1c measures may not be congruent (1,2).  

Additionally, while the median time between enrolment into the CCMDD, and the first available 

HbA1c test, was three months preceding enrolment; there was a wide 95% CI of 13 months 

before to 10 months after the CCMDD enrolment date. As such, there may have been a change 

of state between enrolment and the first laboratory test available for HbA1c in this study.  
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Nevertheless, our study estimates that 72 – 73% of patients enrolled in the eThekwini CCMDD 

programme are sub-optimally controlled. This is problematic as the CCMDD’s mandate, is to 

provide easier access to medication for stable patients, who inherently require fewer encounters 

with healthcare providers (43–45). However, it appears as if the programme is not consistently, 

correctly targeting stable T2DM patients.  As a result, these sub-optimally controlled patients are 

continuing to collecting their medications at community-based PuPs, and are only attending their 

clinics bi-annually. Thus, negating the SEMDSA’s recommended three-monthly clinical check-

ups, for sub-optimally controlled patients (4). This represents many missed opportunities to 

intervene, educate and improve glycaemic control and T2DM-related health outcomes for 

PLWT2DM in eThekwini. Sub-optimal control may be contributing an increased risk for T2DM-

related complications and to premature deaths. Our study suggests that the definition for 

enrolment into the CCMDD may need to be reviewed. More pertinently, however, definitions 

and protocols need to be developed for patients to exit the programme when they become sub-

optimally controlled, for the CCMDD to achieve maximum benefit for their patients.  

5.2.3 Factors associated with sub-optimal control and time to sub-optimal control 

Sub-optimal control is associated with non-compliance with HbA1c testing interval guidelines  

Non-adherence with SEMDSA’s monitoring guidelines (i.e. testing within three months for those 

sub-optimally controlled and within six months for those optimally controlled) was significantly 

associated with being sub-optimally controlled in the bivariable analysis (OR: 1.96, 95% CI: 

1.365- 2.824, p-value: 0.000) and adherence with SEMDSA’s guidelines was significantly 

protective for the development of sub-optimal glycaemic control in the survival analysis (aHR: 

0.463, 95% CI: 0.237 – 0.905, p-value = 0.024). 

Our findings are in agreement with international studies that have shown that more frequent 

testing was associated with reduced HbA1c readings, improved glycaemic control, and reduced 

T2DM-related complications (70–73). An Australian study, monitoring longitudinal HbA1c 

values in T2DM patients attending GP practices between 2013 to 2018, found that high 

adherence to the Australian guidelines for HbA1c testing intervals, at three-monthly for those 

sub-optimally controlled and six-monthly for those optimally controlled, resulted in patients 

remaining controlled over time. While low adherence to guidelines resulted in increased HbA1c 

readings, sub-optimal glycaemic control and higher risk for chronic kidney disease (70).  



64 

 

A study from the United Kingdom (UK), compared glycaemic control in patients receiving three-

monthly testing to those receiving annual testing, using data from clinical laboratories, and 

determined that three-monthly testing was associated with a reduction in HbA1c (by 3.8%) 

versus annual testing that increased HbA1c (by 1.5%) (73). A study in India spanning the years 

2003 to 2012, compared six-monthly testing to annual testing, and found that those with irregular 

follow-up patterns had twice the glycaemic burden, as well as twice the risk for developing 

retinopathy and nephropathy (71). A further study in the USA determined that testing at an 

interval of two to three months was optimal to achieve a maximal downward change in HbA1c; 

whereas, testing at any time over six months, resulted in upward changes in HbA1c (72).  

Our study suggests, that despite the policies being in place for care standards at Primary and 

hospital levels of health care, the recommended policy is not being implemented. This may be 

partially explained by the time period of this study, during a time when CMMD changed their 

activities due to COVID-19. However, the similar results found in Tshwane pre-COVID (2019) 

suggest other factors may be at play. Clinical inertia has been suggested as a factor in the poor 

management and outcomes of T2DM patients (54). Additionally, a lack of clinician awareness of 

the guidelines may be a factor. A previous audit at Tshwane PHCs, by Webb et. al. in 2019, 

found that the SEMDSA guidelines were not known to any of the clinics audited (74). And the 

NDoH guidelines on diabetes care were not available in two-thirds of the clinics (74). Resource 

allocation for diabetes care, in South Africa, has been somewhat neglected, in light of the 

communicable disease burden (54,74), thus resulting in a healthcare system, that is ill-equipped 

for chronic disease management.  

Dual-therapy is associated with increased risk for sub-optimal control 

Additionally, we found that patients receiving dual-therapy were at increased risk for developing 

sub-optimal control. Our bivariable analysis revealed that patients who required dual-therapy to 

manage their conditions, had 2.7 (p = 0.000) and 2.4 (p = 0.000) times the odds of sub-optimal 

glycaemic control, at baseline and follow-up respectively, compared to those who only used one 

oral medication. These findings concur with results obtained in a study on the determinants of 

glycaemic control for PLWT2DM in Lebanon where those using dual-therapy compared to 

monotherapy had twice the odds of being uncontrolled (OR: 2.35, 95% CI: 1.58 – 3.50) (75). 

Similarly, our survival analysis estimated an adjusted hazard for those using dual-therapy as 50 

times higher than the hazard among those using monotherapy (p = 0.002). This result could be 
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attributed to dual-therapy being used only for patients who failed to attain optimal glycaemic 

control with metformin alone. As such, this group may reflect individuals with higher rates of 

past failures or vulnerabilities to achieving glycaemic control, before they obtained a stable 

status for CCMDD enrolment. While associations between sub-optimal control and insulin use, 

when compared to oral hypoglycaemic medication use, are well documented (75–77), we could 

not address this in our analyses, as the CCMDD does not dispense insulin. 

Attending PHC facilities is associated with increased risk for sub-optimal control 

Moreover, we found that while the type of facility the patient attended, was not significantly 

associated to developing sub-optimal control at baseline, the combined effect over time was that 

of a decreasing hazard, for those attending hospitals. The GP-based HbA1c laboratory data 

study, had a similar finding. They found that those attending hospitals had a higher likelihood of 

achieving good control compared to those attending PHC facilities (68).  

This observed effect could be linked to overburdened workloads and under-resourcing at PHC 

facilities. Currently, HIV and TB cases are mostly managed at PHC level, placing a large burden 

on these facilities (78,79). Further stress has been placed on the health system, by the rising NCD 

disease burden. Integrated Chronic Disease Management was initiated by the NDoH, to create a 

single, integrated, person-centered approach to health care management at PHC level (78,79). 

Thus avoiding managing patients in disjointed vertical silos for a single disease at a time; but 

rather allowing for integrated diagonal management for multimorbidity (78,79). However, 

studies suggest that there are a lack of resources (medication, blood tests, NCD-trained health 

practitioners, and central electronic health records), infrastructure (clinics have outgrown their 

intended case-loads), and a willingness for healthcare providers to adapt, presently, to support 

integrated NCD management at PHC level (42,78,80). Thus resulting in under-treatment and 

poor outcomes for those with NCDs, such as diabetes, at PHC level (78).  

Other factors associated with sub-optimal control 

In our bivariable analysis increasing age and having hypertension comorbidity or multimorbidity 

(HIV and HPT) was protectively associated with sub-optimal glycaemic control. This may be 

due to those with other health conditions, or with ailing health associated with aging (i.e. falls, 

dementia, depression, urinary tract infections or incontinence), having more opportunistic 

clinical encounters, where they may receive advice on managing their T2DM (81). Other study’s 
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looking at factors associated to glycaemic control, have found increasing age to be a protective 

factor for sub-optimal control (76,77). Survival bias may play a role, in that those who have 

survived to the age of 80 years, with a diagnosis of T2DM, may be more proficient at self-care 

and self-management. However, neither factor was significantly associated with developing sub-

optimal control in our survival sub-analysis.  

We found no significant association between T2DM-related complications (i.e. neuropathy or 

nephropathy), and sub-optimal glycaemic control. Which is in contrast to findings from a study 

conducted in Lebanon, where neuropathy was highly associated with sub-optimal glycaemic 

control (OR: 2.08, 95% CI 1.11 – 3.90) (75). In our bivariable analysis, we found that being female 

increased the odds of having sub-optimal control at baseline (OR: 1.22; 95% CI: 1.017 –  1.466; p 

= 0.032). This finding agrees with a GP-based HbA1c laboratory data study, that found males to 

have a higher likelihood of achieving good control (aHR: 1.16; 95% CI:1.12 – 1.20; p < 0.001) 

(68). However, there was no longer a significant association at the last HbA1c test in the study 

period. Similarly, in our survival analysis, we found no significant association between sex and 

sub-optimal control.  

An unintended finding was that of decreased hazards for developing sub-optimal control in the 

2018 –  2019 time period. The decrease may be related to the introduction of a sugar-tax on 

beverages in South Africa, on the 1st of April 2018 (35,36). A study on daily grams of sugar 

consumed, calories consumed, and volume of sugar-sweetened beverages consumed found a 

reduction across all fields in the post-implementation period (April 2018 to March 2019), which 

correlates to the trend of decreased hazard for sub-optimal control observed in this study (36).  

An increased hazard in 2020 – 2021 and 2021 – 2022, compared to 2019 – 2020, correlates to 

periods of hard lockdown measures due to COVID-19 in South Africa. During level four and 

five lockdowns, peoples’ movements were severely restricted and scheduled chronic care visits 

were de-escalated, to allow for the re-allocation of services to those requiring acute COVID-19 

related care (82,83). Implementation of CCMDD’s activities also changed during the pandemic, 

to reduce risk of COVID-19 exposure in this higher risk group and to minimize close contact 

between patients (84). Prescriptions were extended from two to three months for collection, and 

clinic visits were extended from six-monthly to annually (84). A systematic review conducted in 

2022, which included 11 studies totaling 16 895 participants, which found that HbA1c levels 

significantly increased by 0.34% (95% CI: 0.30% – 0.38%) when comparing values for those in 
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COVID-19 lockdown to a the same groups’ values pre-COVID (85). However, in this study, 

those tested during the COVID-19 level 4-5 lockdown periods had similar HbA1c testing 

intervals and similar test result values, as those tested in level 0-3 lockdown periods.  

5.2.4 Using existing data to establish T2DM-realted baselines and data registries 

Finally, in a broader sense, this study shows that we can use available secondary retrospective 

data within the CDW, to assess the current deficit in the cascade of care, and establish baselines 

for the NDoH and Provinces to assess their path towards the 2030 NSP targets. As there is no 

reliable, central data repository for T2DM in South Africa, linking CCMDD data to laboratory 

test data, to allow for monitoring and evaluation, of enrolled patients glycaemic status.  

Based on our study, the CCMDD can be encouraged to adopt an approach in line with the 

Western Cape’s medication dispensing programme. It grew to include data sources from tertiary 

and primary level facilities for clinical data, pharmacological data, laboratory diagnostic data, 

and mobile health data, to establish the Western Cape Provincial Health Data Centre (WCPHDC) 

in 2015 (86). They developed a unique identifier to link individual-level patient data from the 

various data sources using probabilistic scoring based on identification documents or hospital file 

numbers, and is supplemented by fuzzier comparators (86). This consolidated, patient-level data 

has allowed for improved patient care in terms of tracking patient encounters through the health 

system, understanding comorbidities, retention in care, control status, and patient outcomes as 

well as providing an opportunity for follow-up and action through alerts (86). The WCPHDC has 

previously suggested that, pending national unique identifiers for linkage, this model could be 

generalized nationally, as data sources or comparable alternatives are available (86).  

5.2.5 Limitations 

The initial study period, from the CCMDD’s establishment (2014) to 2021, was not possible. 

This was due to data inaccessibility prior to 2018, when CCMDD changed service-providers.  

Furthermore, there is a paucity of estimates for the proportion of PLWT2DM, receiving 

treatment, in eThekwini. Based on SANHANES-1 (2011 – 2012) data, it was estimated that 94% 

of South Africans who received a T2DM diagnosis, were being treated with either oral 

hypoglycemic medication or with insulin (48). However, the CCMDD does not enroll 

PLWT2DM who use insulin, and as such, this portion of the population, who likely have more 
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progressive disease, are not represented in this study. Without available estimates for eThekwini, 

we are not aware, of what proportion of PLWT2DM, the CCMDD-enrolled patients represent. 

Additionally, there were limited HbA1c test results available, thus hampering generalizability to 

the entire CCMDD population in eThekwini. As such, these results must be interpreted with 

caution.  

Factors known to be associated with sub-optimal glycaemic control were not available in either 

data set. As such, factors such as, race, other co-morbid conditions (such as TB), obesity 

measures (i.e. weight, height, BMI), lifestyle factors (i.e. smoking, alcohol use, diet, physical 

activity indices), clinical measures (i.e. BP, cardiac or kidney function markers), genetic factors, 

socio-economic factors (i.e. income level, education level and health literacy level), self-efficacy, 

medication compliance, and duration of diabetes were not able to be included.  

Despite these limitations, our study’s strengths were using data from 13 hospitals and 107 PHC 

facilities in eThekwini, thus suggesting a good representation of the general CCMDD-enrolled 

population in eThekwini. Furthermore, this was also the first study of CCMDD-enrolled patients 

in eThekwini. Lastly, despite the CCMDD being a large public health programme, this was the 

first time CCMDD-enrolled patients were linked to their clinical HbA1c results, to monitor and 

evaluate glycaemic control over time. 

5.3 RECOMMENDATIONS 

5.3.1 Recommendations for the low number of HbA1c and LDL tests available 

The low number of HbA1c and LDL test available for this cohort, as well as the long periods 

between HbA1c tests, sparks further questions. We suggest patient file audits for a sample of 

patients from this cohort, to confirm that the HbA1c and LDL tests matched from the NHLS were 

accurate, and to uncover any underlying issues with data quality or data linkage. Qualitative 

interviews with DoH stakeholders at eThekwini district or KZN Provincial level, may provide 

further understanding of any budgetary constraints or other barriers that may have limited more 

frequent HbA1c and LDL testing. Interviews at facility-level are recommended to discover if a 

mismatch in facility HbA1c and LDL testing protocols, compared to NDoH and SEMDSA 

recommendations exists, or if point-of-care devices or other glycaemic control tests, such as FPG 

are being favored over HbA1c laboratory testing. Furthermore, for future studies, we recommend 
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more advanced probabilistic matching for NHLS data, to ensure no cases are being missed at that 

level. We also recommend requesting total cholesterol values for future studies, to understand the 

low number of LDL-cholesterol tests. However, SEMDSA care guidelines recommend a fasting 

lipogram, which includes a LDL-cholesterol test, annually for PLWDM (3-monthly if  in T2DM 

cases of lipid abnormality) as it important for assessing risk for CVD (4). The cost of a direct 

LDL-cholesterol test is 25% of a full lipogram test (87).  

5.3.2 Recommendations for the below-target proportions achieving optimal control 

As 73% of CCMDD-enrolled patients are sub-optimally controlled at the HbA1c reading closest 

to their enrolment, we recommend that the CCMDD review their enrolment criteria. We 

recommend using two consecutive HbA1c test values (< 7%) to assess CCMDD enrolment 

eligibility, rather than the two consecutive FPG test values currently being used. This is in 

agreement with previous recommendations from Ngassa Piotie et. al. (1). 

Additionally, as 72% of CCMDD-enrolled patients were sub-optimally controlled at their last 

recorded HbA1c test in the study period, we recommend that the CCMDD develop an exit 

protocol, for those that become sub-optimally controlled. Thus, a source of regular feedback on 

HbA1c glycaemic control status, should be incorporated into the CCMDD programme. This is 

critical in the context of diabetes, which is a progressive disease by nature. As the disease 

progresses, medication management (i.e. adding insulin to the regime) and the 

prevention/management of T2DM-related comorbidities must be escalated accordingly. If there is 

no feedback of glycaemic control status to the programme, clinical and patient inertia may well 

be compounded. We recommend individual-level data linkage, to NHLS test results, in line with 

the WCPHDC (86). Alerts from laboratory sources, when patients change status from optimal to 

sub-optimal, is an essential feedback mechanism that needs to be put in place within the CCMDD 

programme, to ensure the correct enrolment definition of stable patients is adhered to at 

enrolment, but also, critically, that the patient is eligible to continue being enrolled. 

Alternatively, the use of point of care HbA1c devices and mHealth applications by CHWs in 

home, PuP, or counseling group environments, to screen these patients, at community-level, 

according to the SEMDSA testing interval guidelines is recommended. These results would then 

enable the CCMDD to monitor glycaemic control for those enrolled. Technological innovations 
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and mHealth (mobile phone health) have been promoted by WHO (88) and have assisted 

community health workers (CHWs) to help people manage their NCDs at monthly home visits.  

An example of this comes from rural Guatemala, where the use of a smart phone application, was 

used as a tool to provide algorithmic decision support for clinical decision-making, to assist 

CHWs in the monthly management of their patients’ diabetes, thus alleviating the burden of 

clinic-based healthcare workers through task sharing (89). In South Africa, CHWs have been 

used over the past several years, in maternal and child health; as well as, in communicable 

diseases e.g., HIV, tuberculosis, and in malaria; to provide an extension of care at community-

level, in response to the human resource crisis (41). As such, we are ideally placed to extend their 

training, skill sets, and scope of practice to encompass diabetes and other NCD monitoring and 

management (41). This would involve updating the CHW curriculum to include HbA1c point of 

care testing (90). This approach would align well to the NDoH’s Integrated Chronic Disease 

Management model (79). The South African demonstration site for the HealthRise project, (2017 

– 2018) in seven PHCs from the KZN sub-districts of Msunduzi, uMshwathi, and Mkhambathini, 

demonstrated the role CHWs play in bridging considerable gaps in screening, linking patients to 

care and in educating patients on self-management (91).  

Otherwise, self-management in this cohort must be emphasized, if glycaemic control is only 

being monitored annually, at clinic-level. Health literacy, socioeconomic status (70), and self-

efficacy (57) have been previously described in the literature as factors affecting adherence to 

diabetes care guidelines and self-care. In South African, glucose test strips, required to self-

monitor random glucose levels for home-based self-care, are not included in the EML and thus 

are not available for free through public health care facilities (16,54,74). Thus, to improve self-

care for PLWT2DM, in the South African context of socioeconomic inequalities and 

socioeconomic challenges, the EML would need to be amended, to include the provision of state-

funded glucose test strips and units. Data from large-scale studies such as the GUIDANCE study 

in Europe, revealed that participants who were accurately aware of their glycaemic status, have 

significantly lower HbA1c readings (92). As such, if the EML was extended to include glucose 

monitoring strips for PLWT2DM, we may also observe greater proportions of sustained optimal 

control, among those receiving oral hypoglycaemic medication through the CCMDD. 

In addition to self-monitoring, continuous patient education and support, potentially through 

mobile applications, can assist in empowering PLWT2DM to self-manage and control their 
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conditions. A study in the WC, by Mash et. al. between 2019 and 2022, found that implementing 

the GREAT4Diabetes WhatsApp Chatbot during COVID-19, when in-clinic education and 

counseling for T2DM ceased, resulted in good uptake (51% listening to all messaging), and self-

reported improvements in self-management (71%), diet (76%), physical activity (54%) and in 

their confidence-levels about their diabetes self-care (88%) (93). It may be worth investigating if 

developing such an application, within the CCMDD, may assist in improved proportions 

maintaining a stable T2DM condition, to offset less frequent encounters at clinics, by virtue of 

being enrolled in such a programme. Thus, maximizing medication accessibility as well as 

improving clinical outcomes and self-care. It has also been suggested, previously, that screening 

for self-efficacy, as an additional CCMDD enrolment criteria, may improve proportions that 

remain optimally controlled over time, by ensuring that those enrolled can self-manage their 

conditions (57). 

A detailed cost-benefit analysis, for each approach (i.e. person-level data linkage, using mHealth 

and CHW, or promoting self-care), against the potential cost of managing T2DM-related 

complications, associated with 74% of this cohort being sub-optimally controlled, is advisable. 

While training and development of mHealth applications will require a set-up and maintenance 

fee, ultimately, the cost of treating T2DM-related complications due to sub-optimal control, may 

be far costlier. In India, a basic cost assessment was performed and estimated that the cost of 

increasing encounter frequency, would be offset by the saving as a result of reduced T2DM-

related complication management (71). Basu et al (2021) created a microsimulation, where LMIC 

achieved targets of 80-80-80 for diabetes; meaning 80% of patients with diabetes diagnosed, 80% 

of those diagnosed on treatment, and 80% of those on treatment achieving recommended 

glycaemic targets; and deduced that the resulting reduction in cardiovascular events, would offset 

the increased cost of treatment, resulting in $1 362 cost-per-disability-adjusted life year (DALY) 

averted (49). A study from cascades of care from Poltava in Ukraine in 2020 also estimated that 

if 1% more patients achieved sustained optimal glycaemic control, there would be a reduction in 

patient monitoring costs of $10 373, annually (94). This amount would cover the cost of 

adherence counseling for half of their patient load (94).  

As this is the second study, within different sub-districts (57), indicating high proportions of sub-

optimal control among CCMDD-enrolled patients, we recommend further studies in other 
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districts, and at provincial and nationals level to confirm these findings, and to allow for a larger 

sample sizes.  

5.3.3 Recommendations for sub-groups at increased risk for developing sub-optimal 

control 

We recommend facility-based audits and further qualitative studies to establish if facility-specific 

barriers to care exist, for HbA1c testing, in eThekwini. Resource allocation for further training 

for clinicians on the SEMDSA and NDoH guidelines for care for PLWT2DM with emphasis on 

the critical nature of achieving a stable, optimal glycaemic condition for this population, is 

essential, to improve compliance to the HbA1c and LDL testing frequency guidelines.  

Additionally, as resources for T2DM are constrained, we recommend more feasible solutions to 

increase the frequency of clinical encounters and HbA1c testing. These include pivoting the role 

of existing CHW, using mHealth technologies, as elaborated in 5.3.2 above. Group education 

and counseling is another solution. Allerton and Mash, found a 1.1% decrease in mean HbA1c 

among sub-optimally controlled PLWT2DM attending Khayelitsha Community Health Centre, 

concluding that the main mechanism leading to the decrease lay within the introduction of group 

diabetes education (however they also received monthly encounters with doctors and increased 

HbA1c testing frequency) (95).  

Furthermore, our results suggest that those prescribed dual-therapy may require closer monitoring 

within the programme, or may benefit from more frequent clinical encounters. CCMDD 

protocols could be reviewed for this patient sub-group. Self-efficacy questionnaires as an 

additional CCMDD enrolment criterion is recommended.  

5.3.4 Additional recommendations 

For future studies, additional monitoring tests could be requested from the NHLS CDW, to 

assess T2DM-related complications such as kidney-disease markers or markers for cardiac 

disease. We also suggest that the National Cancer Registry (NCR)’s method of hot-deck 

imputation, be used in future studies, to assist in determining the impact of race on sub-optimal 

control (68). This method correlates individuals with unknown race to a reference database of 

surnames, for which race is known, providing reasonable accuracy for those with missing race 

data (96). 
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5.4 CONCLUSION 

In conclusion, of the adult T2DM CCMDD-enrolled patients, in eThekwini, between 2018 and 

June 2021, who were collecting chronic medication from community PuPs, 27% and 28%, were 

optimally controlled for their T2DM at enrolment and at the last HbA1c reading, respectively. 

We demonstrated that existing secondary data, housed in the NHLS CDW can provide baseline 

data, to assess gaps in the diabetes care cascade at district-level; and could be replicated in other 

districts, or at provincial, or nationally levels. Our findings, and future findings, can assist the 

NDoH to monitor their progress towards the NSP target, of 50% on treatment achieving 

glycaemic control, by 2030. Additionally, our study provides good supporting evidence for 

increased HbA1c testing frequency in this cohort, and the need for feedback of these values to 

the CCMDD. It also provides evidence, for additional care to be taken when enrolling patients on 

dual-therapy, who may be more vulnerable to developing sub-optimal control, such as perhaps, 

incorporating a self-efficacy score as an additional criterion for enrolment. This knowledge can 

assist in the successful implementation and further development of the CCMDD.  
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APPENDIX 11: TABLE OF THE DESCRIPTIVE CHARACTERISTICS FOR THE COHORT STUDY 

PARTICIPANTS 
Baseline median HbA1c value by patient characteristic for the Central Chronic Medicines Dispensing and Distribution programme cohort 

receiving oral hypoglycaemic medication for T2DM, with ≥ 1 repeat HbA1c test available, eThekwini, KZN, South Africa: 19th April 2018-

30th Dec 2021 (N = 2 622). 

Characteristic Total 

N = 2 622 (100%) 

% (n/N) 

Median HbA1c (IQR) Sub-optimal (HbA1c > 7%) 

N = 1 927 (73.5%) 

% (n/N) 

Optimal (HbA1c ≤ 7%) 

N = 695 (26.5%) 

% (n/N) 

p-value† 

Gender      0.032* 

Male 32% (850/2 622) 8.0 (6.9–9.9)  31% (602/1 927) 36% (248/695)  

Female 68% (1 772/2 622) 8.3 (7.0–10.1) 69% (1 325/1 927) 64% (447/695)  

Age (years)      < 0.001*** 

≤ 39 year 4% (113/2 622) 8.6 (7.2–11.3)  5% (89/1 927) 3% (24/695)  

40–59 years 49% (1 286/2 622) 8.5 (7.1–10.5) 51% (988/1 927) 43% (298/695)  

60–79 years 44% (1 152/2 622) 7.9 (6.9–9.6) 43% (819/1 927) 48% (333/695)  

≥ 80 years 3% (71/2 622) 6.9 (6.5–7.6) 2% (31/1 927) 6% (40/695)  

Type of facility     0.42 

PHC facilitya 70% (1 840/2 622) 8.2 (7.0–9.9) 70% (1 344/1 927) 71% (496/695)  

Hospital 30% (782/2 622) 8.2 (7.0–10.3) 30% (583/1 927) 29% (199/695)  

T2DM-related complication     0.016* 

Neuropathy or nephropathy 50% (1 320/2 622) 8.0 (6.9–9.9) 49% (943/1 927) 54% (377/695)  

None recorded 50% (1 302/2 622) 8.3 (7.1–10.1) 51% (984/1 927) 46% (318/695)  

Type of therapy     < 0.001*** 

Monotherapy 52% (1 360/2 622) 7.6 (6.7–9.4) 45% (876/1 927) 70% (484/695)  

Dual-therapy 48% (1 259/2 622) 8.7 (7.4–10.6) 54% (1 048/1 927) 30% (211/695)  

Triple-therapy 0% (3/2 622) 9.5 (9.0–10.1) 0% (3/1 927) 0% (0/695)  

Comorbidity     0.098 

T2DMb alone 15% (390/2 622) 9.0 (7.2–10.5) 16% (304/1 927) 12% (86/695)  

T2DM and HIVc 6% (161/2 622) 8.6 (7.1–10.6) 6% (122/1 927) 6% (39/695)  

T2DM and HPTd 68% (1 791/2 622) 8.0 (7.0–9.8) 68% (1 301/1 927) 71% (490/695)  

T2DM, HIV and HPT 10% (275/2 622) 8.2 (6.9–10.1) 10% (195/1 927) 12% (80/695)  

T2DM and dyslipidaemia 0% (5/2 622) 10.1 (8.6–10.5) 0% (5/1 927) 0% (0/695)  
aPrimary health care, bType two diabetes mellitus, cHuman Immunodeficiency Virus, dHypertension; †p-value for the chi-square test for sub-optimal vs optimal; 

Significance level (p-value): *p < 0.05, **p < 0.01, ***p < 0.001. 


